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PREFACE 



The primary purpose of training is to produce a Navy that can maintain 
control of the sea and guarantee victory. Victory at sea depends upon the 
state of readiness of shipboard personnel to perform tasks assigned to them 
according to the needs of their ship. This training manual (TRAMAN) 
provides information related to the tasks assigned to Opticalmen First Class 
and Chief Opticalmen, who maintain all types of submarine periscopes as 
well as other optical instruments. It also discusses management of an optical 
shop, calibration requirements, the use of optical alignment equipment, as 
well as quality assurance procedures. 

Only when shipboard personnel can and do perform their tasks efficiently, 
will each ship contribute to victory at sea. As an OM1 or OMC, you will be 
expected to know the information contained in this manual and to perform 
your assigned tasks. The NRTC provides the means for satisfying the 
requirements for completing this TRAMAN. 

This TRAMAN and the associated OM I & C NRTC were prepared by 
the Naval Education and Training Program Management Support Activity, 
Pensacola, Florida, for the Chief of Naval Education and Training. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the 
sea and is a ready force on watch at home and overseas, capable of 
strong action to preserve the peace or of instant offensive action to 
win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 



WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the 
watchwords of the present and the future. 

At home or on distant stations we serve with pride, confident in the 
respect of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with 
honor. 



THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, 
under the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in 
war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 

ADMINISTRATION, SUPERVISION, 
AND TRAINING 



Every manager of an optical shop, to be 
successful, must apply a wide variety of technical 
and administrative knowledge and skills in super- 
vising shop operations. 

When you become a shop supervisor, you will 
have to use your expertise as an Opticalman to 
determine and manage material assets. You will 
also have to use sound administrative and human 
relations techniques to understand, train and, 
especially, gain the respect of and promote 
rapport among your subordinates. 

In running an optical shop, you will also need 
the ability to cope with a multitude of details that 
influence the smooth operation of the shop. These 
include, but are not limited to, the specifics of 
requisitioning, handling, stowing, and accounting 
for supplies and repair parts; maintaining accurate 
records of all phases of operations; and sub- 
mitting reports required by higher authority. 



ADMINISTRATION AND 
SUPERVISION 

As an OM1 or OMC, you have administrative 
and supervisory responsibilities related to optical 
shop operations and optical shop maintenance 
and repair. 

The repair department administrative organiza- 
tion provides for the proper assignment of duties 
and for the proper supervision of personnel. 
However, no organization can run itself. Person- 
nel, including you as a supervisor, are needed to 
see that all pertinent instructions are carried out. 
You must make sure all repairs are completed on 
time and are correct; all operating instructions for 
equipment assigned to your space and safety 
precautions are followed by all personnel assigned 
to the work center; and all reports and records 
are filled in correctly and submitted as required. 

Your duties as an OM1 or OMC will require 
you to have a complete knowledge of the opera- 
tion and maintenance of optical and navigation 
instruments. You will be responsible for all 



required shop inspections and tests on repaired 
equipment, and you will estimate time and 
material needed for specific optical shop jobs. 
Above all, you will assign personnel to equipment 
in your shop and will properly supervise working 
procedures. 

The following are examples of specific respon- 
sibilities and duties you may expect as an OM1 
or an OMC aboard a repair ship or a tender and 
possibly on shore bases. 



TRAINING 

As a work center supervisor, you will be 
responsible for the day-to-day running of your 
shop. This includes training for newly reported 
personnel and refresher training, both profes- 
sional and military, for all shop personnel. 

MONITOR TRAINING PROGRAMS 

As a senior OM, you will be, at some time, 
responsible for training junior personnel. The 
training program responsibilities you will have as 
a work center supervisor include ensuring that 

1. formal in-service training is conducted 
through lectures and supplemented with 
visual aids and required reading, 

2. OJT is conducted by demonstration and 
simulation under supervision of qualified 
work center personnel, and 

3. PQS, where implemented, are administered 
according to established procedures. 

Training Objectives 

Every training program should have set goals 
and definite objectives. For example, in an 
optical shop where navigation instruments' lenses 
are not being cleaned properly, the objective 
of training is obvious definite procedures for 
the proper cleaning of all lenses. Your task, as 
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supervisor, is to determine how to achieve this 
objective. It will be easier for you to decide how 
to proceed if you reduce the main objective to 
lesser, more specific statements (or objectives) on 
three considerations. 

1. The information to be taught in the 
example given, the correct procedures for 
cleaning lenses. 

2. The skills to be developed the cleaning of 
lenses and the proper handling of lenses. 

3. The attitude to be acquired in this case, 
an awareness of the need for attention to 
detail when cleaning lenses. 

On the basis of these considerations, you 
should prepare an outline of the training you 
propose. As the objectives are specified clearly, 
developing the content to achieve the desired 
results should be a relatively simple matter. The 
outline should include units covering every topic 
necessary to convey the information, skills, and 
attitudes required by the trainee to perform the 
task satisfactorily. After you are satisfied with 
your outline, carefully prepare a lesson plan for 
each training session. 

Training/Indoctrinating Newly 
Reported Personnel 

Consider this situation. You are in the 
middle of a rush job. You are behind in your 
paper work. You have been called to the phone 
unceasingly. You are considering going on special 
liberty because nothing has gone right. Then, right 
in the middle of it all, a new crew member, now 
assigned to your shop, arrives. Does the phrase 
"Murphy's law" come to mind? 

The most important thing at the moment is 
to get this person off to the right start. The first 
impression formed by a new person in the work 
center will be a lasting one. If you have a well- 
planned program for introducing new personnel 
to the work in the work center, you have taken 
a very positive step towards building high morale. 
One of the best stimulants for developing high 
morale among new personnel is to have them 
realize that their boss appreciates their feeling of 
strangeness in new surroundings and is aware of 
their desire to succeed. There is often a gap 
between the point at which a person is assigned 
and the time that person develops into a satisfied 
worker. Proper introduction to the work, a well- 
planned training program, and counseling when 
necessary will turn the ill-at-ease person into a 
confident and interested worker. 



You will benefit greatly from reviewing with 
each new worker such matters as the mission of 
the ship and how the work center fits into the 
overall picture, the person's rate, duties, drills, 
the ship's liberty and leave policy, and what is 
expected of him or her as an individual. You 
should be not only sincerely interested in getting 
acquainted with the person but also in being 
sympathetic with the problems that may arise 
while he or she is getting settled. The initial 
contact should be primarily to win the person's 
confidence. You may later turn the person over 
to a qualified petty officer who is capable of 
completing the introduction process and the 
early training that is necessary. Usually, you 
should select an experienced petty officer to help 
ease a new worker through the introduction 
period. 

In carrying out your responsibility for 
introducing a new worker to the job, you must 
do a certain amount of planning if the instruc- 
tions necessary for the proper indoctrination of 
the new worker are to be carried out effectively. 

The first step in this process is to indoctrinate 
each new person properly into the work area. 
There are three general areas of indoctrination. 

1 . Those dealings with facts, such as the ship- 
board rules and regulations 

2. Those dealing with the worker's attitude 
or feelings, confidence in the organization, 
pride in the job, and respect for fellow 
workers 

3. Those dealing with skills, safe working 
habits, and quality of work 

A follow-on to indoctrination is professional 
development. Each person in your work center 
must be receptive to suggestions and training 
that promotes personal development and must be 
willing to help develop the skills of other shop 
personnel. However, you have the direct respon- 
sibility for seeing that all your junior petty officers 
understand their work and its relation to the 
function of the work center so well that they 
automatically teach those who assist them. 

Time Allotted for Training 

The time allotted for training should be 
carefully scheduled. If training sessions conflict 
with the work of the shop, those left to do 
the work will resent the increased burden. If 
training sessions conflict with watch schedules, 
they may be disrupted by trainees leaving to stand 



their watches. If training interferes with liberty 
schedules, morale is likely to be low and little 
learning will take place. Therefore, when you 
schedule training sessions, consider what effects 
the schedule will have on other activities and 
functions. 

Allow sufficient time between sessions to allow 
the trainees to absorb what they have learned. But 
do not make the interval too long or the trainees 
may lose interest. Normally, sessions should not 
be longer than 1 hour; if they are, provide for a 
break in the middle of the session. If the subject 
matter is applicable to the trainees' present work, 
schedule the session before they begin work so 
that they may immediately apply what they have 
learned. 

Standards for Evaluation 

Your training program must have standards 
to determine the effectiveness of the training. 
The standards should specify the level of 
proficiency or learning expected of the trainee and 
the methods of evaluation to be used. 

An evaluation may consist of oral questioning, 
written tests, or performance tests. Where the 
subject matter warrants, use a combination of the 
three. In most instances, evaluation of perform- 
ance on the job is the best indicator of the trainee's 
progress. 

Training Aids 

In this discussion, a training aid is any item 
used in a training situation to help the trainee 
acquire knowledge or skill. It may be a device used 
to illustrate or demonstrate a thing, a process, or 
an idea, or it may be an actual item used on the 
job. When you select a training aid, be sure it is 
suitable for the training session. For example, in 
a session on lens cleaning, use an actual lens along 
with the components used to clean it. However, 
in a session on collimating, using the "tail-of-arc" 
method, use a chalkboard to show the method. 

Lesson Planning 

In a Navy school the instructor is ordinarily 
provided with a curriculum on which to base 
lesson plans. But at your activity or aboard ship, 
such formal guides are not provided. You, as the 
supervisor, must develop lesson plans to fit your 
training needs. Depending on your knowledge of 
the subject matter and your ability to perform the 
skills involved, your lesson plans may range from 



simple to elaborate. However, one thing must be 
stressed no matter how competent you might be, 
you should prepare a lesson plan for each 
training session. The lesson plan is your guide as 
to what topics have been covered and what steps 
should be emphasized in the training program, 
and it lists the training aids, equipment, and 
references to be used. It is your road map to 
follow. See that everything to be taught is down 
in proper order, that the training aids and 
reference materials to be used in presenting the 
subject matter are at hand, and that nothing is 
left to chance. 

Although lesson plans may differ somewhat 
in construction, the format is similar. Figure 1-1 
illustrates a lesson plan outline. The following 
sections discuss the various parts of a lesson plan. 
The suggestions made by both the text and the 
illustrations are not all-inclusive. There are other 
ways to write a lesson plan. You may use any 
modification that suits your instructional purpose. 

TITLE. The title of the lesson plan should 
be exact. It should clearly identify the subject 
matter of the plan. 

OBJECTIVES. The objectives part of the 
lesson plan sets forth the teaching and learning 
goals. The objectives should identify, as clearly 
as possible, the knowledge and skills that the 
trainee will gain as a result of the instruction. The 
order in which the objectives are listed should 
normally be the same as the order in which the 
subject matter will be presented. The same 
principle holds true for listing the subject matter 
areas within each objective. Each objective should 
be worded as clearly as possible and should be 
stated in terms of trainee performance. 

When feasible, objectives should specify the 
conditions (aiding or limiting factors) affecting 
trainee performance and the standards (accuracy, 
proficiency, and so on) that the trainee's perform- 
ance must meet. 

MATERIAL. List on each lesson plan the 
training aids, special devices, equipment, tools, 
and material that should be used, either in group 
instruction or on-therjob training. Also list the 
source(s) of information from which you obtained 
the material for the lesson plan. 

INTRODUCTION. The introduction to a 
lesson plan, no matter what form of plan is used, 
should accomplish the following goals: 

1. Develop trainee interest. 
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TITLE: 

SUBJECT MATTER AREA: 



OBJECTIVES: 

MATERIALS: 

REFERENCES: 

INTRODUCTION: 



PRESENTATION: 



APPLICATION: 

SUMMARY: 
TEST: 



Magnetic Compass Repair 

Parts of the compass 

Functions 

Operations 

Repair 

Safety precautions 

To familiarize the trainee with the parts and repair of a standard 
magnetic compass. 

Magnetic compass 

Opticalman 3 & 2, NAVEDTRA 10215 

To explain briefly the topic and the method(s) to be used. 

To emphasize the necessity of following proper procedures and to 
observe safety precautions. 

To tell what you expect the trainees to learn and how you expect to 
evaluate their learning. 

To explain the construction of the compass, naming the various parts 
and their function. 

To emphasize the following safety precautions: 

1 . To avoid possible cuts, use a suction cup type device to remove 
the cover glass. 

2. Avoid contact with skin when filling the compass with varsol 
or alcohol. 

To demonstrate and discuss the procedures for inspecting, testing, 
and repairing the compass. 

Have the trainee remove the cover glass, test the float for leaks, and 
remove the float assembly. 

Review above material. 

If you feel trainee requires test, administer a small quiz. 
Figure 1-1. A lesson plan outline. 



2. Start with what the trainees know and 
proceed to new skills and techniques. 

3. Direct trainee thinking along the desired 
lines. 

4. Describe accurately what the lesson will 
cover. 

5 . Show the value of the subject matter to the 
trainees. 



6. Explain the method or methods of instruc- 
tion to be used. 

7. Let the trainees know what will be expected 
of them (knowledge, skills, and attitudes) 
at the end of the class session. 

PRESENTATION. This section of the lesson 
might be called the plan of action. It should include 



the outline of the subject matter of the lesson and 
some notes on the method of presentation. This 
helps you to know where you are in the lesson and 
what you want to say. 

If you plan to use a training aid or to 
demonstrate a skill, note this fact in your 
presentation. This section should also specify such 
trainee activities as formal questions, practice, or 
drills. 

APPLICATIONS. In cases where the 
objective of a lesson is to teach or develop a skill, 
for example using a parting tool on a jeweler's 
lathe while repairing a PMP pulley, there should 
be a section on how the trainee is to apply the skill. 
In this example, not only does the trainee work 
on a piece of equipment (jeweler's lathe) that 
usually is new to junior personnel, but he or she 
is also taught a repair technique (repairing PMP 
pulleys) which saves on buying new repair parts. 

SUMMARY. Sum up the main point(s) of 
the subject matter and be sure all questions are 
answered. By summarizing, you help to organize 
the material in the minds of the trainees and 
strengthen what they have learned. 

TESTING. Each lesson plan may have a list 
of test items, or if a series of lesson plans covers 
one topic, the last plan may list all test items 
related to the topic. In the case of knowledge-type 
subject matter, an oral or written test would be 
appropriate. 

METHODS OF TRAINING 

All methods or techniques of instruction can 
be described by one or more of these simple 
words: telling, discussing, showing, and doing. 
The better methods of teaching use a combina- 
tion of these; the one to be emphasized in each 
lesson is determined by the objectives of the 
lesson. The methods and techniques described in 
the following paragraphs are the ones most 
applicable to general optical shop situations. 
As a supervisor, you will be responsible for 
different types of training. You must ensure your 
personnel receive the proper training, both pro- 
fessional and military, as assigned. The following 
paragraphs discuss different types of training of 
which you, as a supervisor, must be aware. 

On-the-Job Training 

On-the-job training (O JT) is one of the most 
used and easiest ways of providing training. Your 



junior personnel have heard from day one in the 
Navy that most of what they learn will be learned 
"in the fleet." And you're "the fleet"! Showing 
a new OM how to collimate a pair of ship's 
binoculars, how to run a periodicity check on a 
magnetic compass, and how to use shim paper on 
a bearing circle's black mirror are all examples 
of OJT. You perform OJT many times a day 
without ever thinking about it. The supervisor 
who uses OJT profitably as a training tool will 
be able to increase the technical competence of 
new personnel in a shorter time. As mentioned 
previously, OJT can be used informally, but it 
should also be scheduled as part of the shop's 
in-rate training program which you have set up. 
When used wisely, OJT allows new OMs to gain 
the hands-on experience under operational 
conditions that they could not acquire at a 
formal school. 

General Military Training 

All Navy personnel, regardless of duty station, 
will receive periodic training sessions on general 
military topics. Such topics may include the 
Uniform Code of Military Justice, basic first aid, 
physical and information security, substance 
abuse, and many others. You are responsible to 
your division officer for ensuring that your shop 
personnel attend these sessions and that their 
report of attendance is turned in. The general 
military training (GMT) may be in the form of 
a SITE-TV presentation, training given at 
quarters, or wherever the session is planned. While 
operations may preclude 100 percent attendance 
at GMT sessions, you should make every effort 
to get the trainee to the training site for each 
presentation. 

Personnel Qualification Standards 

The increasing need for improved job perform- 
ance within a rapidly changing pool of personnel 
and the constant updating of technology continue 
to make proper qualification of individuals an 
urgent matter. To do a good job and perform it 
properly, individuals must be motivated, must 
possess the depth of knowledge required to fulfill 
their responsibilities, and must be instructed on 
the scope and contents of their duties. To assist 
such individuals, the personnel qualification 
standards (PQS) program was developed and has 
proved to be effective aboard ship. The PQS may 
be used by supervisors as a method of training 
or qualifying new personnel reporting aboard or 



of cross-training/requalifying experienced person- 
nel. For further information on this topic see 
Military Requirements for Petty Officer First 
Class, NAVEDTRA 10046-A. 

SHOP PQS. You may want to make up a 
PQS sheet for the equipment in your shop. 
Having newly reported personnel get acquainted 
or reacquainted with your machine shop's 
equipment allows you, as supervisor, to observe 
their performance and helps you decide when the 
technicians are ready to work on the equipment 
by themselves. After all, that newly reported OM2 
may have spent the last 2 to 3 years standing 
general duty somewhere. New personnel may need 
to brush up on their milling machine, lathe, or 
drill press techniques. 

GENERAL DAMAGE CONTROL PQS. 

PQS in general damage control exist for all Navy 
personnel, regardless of rank, rate, or rating. 
These standards exist because many Navy person- 
nel have been killed or seriously injured because 
of ignorance of basic damage control techniques, 
basic fire-fighting skills, or personal protection 
methods. In one scene of the Navy training film 
Trial by Fire (actual footage of USS Forrestal 
disaster), some sailors are shown isolated from 
safety by the fire and reading the instructions for 
donning an oxygen-breathing apparatus (OB A). 
Obviously, that was not the time to learn! All 
personnel assigned to ships must meet general 
damage control PQS requirements soon after 
reporting aboard. The commanding officer 
decides how much time must be allotted for full 
qualification, but normally this period is not 
longer than 6 months. 

Where do you fit into all of this? Ensure your 
personnel receive the training. Help them get the 
systems and fundamentals signed off. You will 
be surprised that not only will you have your shop 
personnel to train, but also perhaps others in the 
division or outside the division. Personnel in your 
duty section may also seek help from you. There 
is nothing more frustrating to a newly reported 
personnel than to be given 6 months to get a big 
book of strange and new items (in their eyes) 
signed off and not receive any help from senior 
personnel. Find the time to help them! Put 
yourself in their shoes. You were once there, 
remember? Also, as the supervisor, if your 
personnel get behind, your division officer will 
be asking you why, not them. 

MAINTENANCE AND MATERIAL MAN- 
AGEMENT PQS. In addition to general 



damage control PQS, the command may require 
all assigned personnel to meet maintenance and 
material management (3-M) standards. Again, 
there will be a time limit for personnel to get the 
items signed off. As a supervisor, make sure your 
junior personnel are readying themselves for more 
responsibilities by getting them to finish a system 
higher than required. For example, have your 
second classes working on the 3-M requirements 
for work center supervisor, have your first classes 
working on division officer requirements, and so 
on. 

Watch Stations 

Regardless of the duty station assigned, it is 
likely that an assigned OM will have to stand 
watches of one type or another. Local directives 
will provide training guidelines for standing these 
watches. A PQS for watch standing may exist, 
and personnel may be required to stand one 
or more watches under instruction until they 
are fully qualified to perform watch-standing 
duties. 

Again, make sure your personnel attend the 
training for their watch station. Remind your 
junior personnel to take their PQS books with 
them when they report for their watch. How can 
they get their watch station signed off if they don't 
have their books with them? After all, this is still 
new to them. More than likely you will be a 
qualifying person for most watch stations, so 
don't be afraid to train the troops. 

Records 

In administering the PQS program, super- 
visors have great latitude in the format for 
required records. Minimum items of information 
must be maintained, regardless of what records 
are adopted within a command. For information 
on maintaining a qualification progress chart, see 
Military Requirements for Petty Officer First 
Class, NAVEDTRA 10046-A. 

Service Record Entries 

As an individual completes a PQS watch 
station or maintenance action and is subsequently 
qualified by appropriate authority, the supervisor 
should make sure the action is recorded in the 
trainee's service record. Usually, a command will 
have its own form, which is usually signed by the 
division training petty officer, and then forwarded 
to the personnel office. 



Professional 

This was discussed earlier in this chapter. Shop 
training is necessary throughout the naval 
establishment. OMs reporting to their first duty 
station from an A or C school have much to learn 
about their particular work center/work group 
operation and system configuration. The courses 
of instruction that OMs attend give them the 
fundamental theory and skills required to 
perform the minimum maintenance on navigation 
instruments. Most C schools do not allow the 
students to perform all of the maintenance tasks 
that they will ultimately be required to perform. 
Most of the hands-on shop training OMs receive 
comes at their first duty station. As a shop 
supervisor, you are responsible for the extra 
training the new OM will require to become a 
competent, technically skilled technician. 

During an Overhaul 

You may wish to use some of the time during 
an overhaul for that extra training you usually 
don't have time to give. If you are assigned to a 
repair ship or destroyer tender, try to get your 
personnel no-cost orders to a submarine tender 
for periscope training. It will help broaden their 
overall view of the OM rating. Also, you may wish 
to send your personnel TAD to the 3-M course 
or any other school or course(s) that are available. 

MEASURING PROGRESS 

The progress of your work center personnel 
should be measured to determine the effectiveness 
of the training program. You can measure 
progress in two ways: (1) by observing their 
performance on the job and (2) by testing them. 
You should endeavor to make your evaluations 
as objective as possible. 

Observing Performance 

Trainees' on-the-job performance may be 
evaluated by comparing the efficiency and the 
quality of their work to that of an experienced 
worker. For example, you could ask a trainee to 
clean a telemeter lens and compare it to one 
cleaned by an experienced OM. An improvement 
in the quality of the product shows that the 
training has been worthwhile. 

Standards should be formulated before the 
training program starts. You can establish 
standards by measuring the performance of 



experienced people. The trainee's progress can 
then be measured in terms of these standards. 
Progress can also be measured in terms of the 
ability to take on additional job assignments and 
on the ability to do them well. 

Performance Tests 

A performance test requires a person to do a 
particular job under set conditions. Performance 
tests are especially useful in evaluating OJT. The 
test instructions should be clear, complete, and 
standardized so the trainees know exactly what 
is expected of them. Your evaluation should be 
based on standardized procedures for the 
particular job being tested. Be sure to consider 
the proper use of tools, material, equipment, and 
the observance of safety precautions. 

Written Tests 

Written tests should be used to measure 
trainees' knowledge of facts and their under- 
standing of the subject matter. Test items should 
be carefully prepared to make sure the results are 
accurate and reliable. 

Using all three of these ways to measure 
progress will help your personnel ready themselves 
for their rating exams and thus help them go up 
in rate. 

General Hints for the Instructor 

Stress correct procedures on the trainee's first 
attempt at performing a new skill. The most 
effective learning results when initial learning is 
followed immediately by practical application. 

Remember also to emphasize safety! Explain 
the reasons for safety. This should help the 
trainees understand the need for compliance. 

Whatever the type of training, if you find that 
the trainees have not mastered the skill or 
absorbed the knowledge, your first reaction may 
be to assume that the trainees are at fault. This 
may not be the case. Failure to learn on the 
trainee's part is sometimes the result of poor 
instruction as in the saying "If the learner hasn't 
learned, the teacher hasn't taught." 

RECORDING PROGRESS 
IN TRAINING 

Although it is necessary to schedule and record 
training, the paper work should be as simple as 
possible; it should be kept to a minimum, 
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consistent with the need for scheduling, recording 
the training conducted, and evaluating the 
program. No one loves paper work, but it is a 
necessary part of a supervisor's job. 

The following records are required. Some of 
the records are prepared at the departmental level; 
however, these department records still affect the 
training program at the division level, as they 
require input from you. 

Quarterly Training Schedule 

The preparation of a quarterly schedule 
requires careful planning and imagination to 
ensure accomplishment of individual and team 
training. The division officer is responsible for 
maintaining this schedule, and it is generally 
posted in an area where all OMs have access. 

Most of the schedule is devoted to the 
allotment of specific subjects that are to be taught 
during indicated weekly periods. A definite 
schedule makes sure each lesson plan is taught at 
least once every quarter. 

Weekly Training Schedule 

The weekly schedule should include pertinent 
information on the long-range training schedule 
and on training items allocated for that week from 
the quarterly training schedule. Any remaining 
training time can be used to pick up any lessons, 
drills, exercises, and so forth, that may have 
been missed the previous week due to unforeseen 
circumstances. 

A note about assigning instructors for 
training: Don't be afraid to use your junior 
personnel. This is a perfect time for them to 
strengthen their instructing skills. For. more 
information on this, see Military Requirements 
for Petty Officer Second Class, NAVEDTRA 
10045-A. 

Report of Training Attendance 

This form is designed primarily to provide an 
accurate record of attendance at training sessions. 
It should be signed by all personnel who attend 
a session. When the training session is over, the 
work center supervisor fills in the remainder of 
the form and forwards it to the division training 
petty officer. After the copy is returned to you, 
give it to your shop training petty officer so he 
or she can insert the information into individual 
training records. 



Individual Training Folder 

A separate training folder is maintained for 
each person in the shop. Each individual's 
training record and any other original records 
or documents that pertain to the individual's 
training history should be kept in this folder. 
These records are not usually incorporated in the 
service record; therefore, when a person transfers 
from your shop, this folder should accompany 
him or her to the next command. You can also 
use this training folder to help you remember the 
schools and training each member has received 
when you sit down to write evals. 

FAMILIARIZING SUBORDINATES 
WITH NEW DEVELOPMENTS 

You will have increased responsibilities for 
keeping up with new developments. Practically 
everything in the Navy policies, procedures, 
equipment, publications, systems is subject to 
change and new development. As an OM1, and 
even more as an OMC, you must keep yourself 
informed about all these changes and develop- 
ments that affect either your rating or your work. 

Some changes will be called directly to your 
attention; others you will have to look for. 
You must develop a special alertness for new 
information and keep up to date on all sources 
of technical information. Information on sources 
of primary concern to the OM is given later in 
this book. 

As you prepare to assume increased respon- 
sibilities at a higher level, you will need to be 
familiar with (1) the military requirements and 
occupational standards given in the Manual of 
Navy Enlisted Manpower and Personnel Classifi- 
cations and Occupational Standards , NAVPERS 
18068 (with changes); (2) appropriate training 
manuals; and (3) any other material that may be 
required or recommended in the most current 
edition of the Bibliography for Advancement 
Study, NAVEDTRA 10052. You would be 
surprised at how many junior personnel do not 
even know these manuals exist! 



GENERAL SHOP SUPERVISION 

Consider this. One day you are a repair 
technician, happily going through your career 
repairing binoculars, sextants, and so forth. Not 
a lot of worries or responsibilities. Life is good. 
Then, bingo, next day you are assigned as a work 



center supervisor. What do you do? Now is not 
the time to panic or hit the sweat pump switch. 
It is impossible to cover all the procedures and 
problems that arise in the shop. But we will try 
in this section to make you aware of some of the 
things that occur, particularly in regard to setting 
up shop procedures, and the methods by which 
everyday problems are solved in an optical shop. 
Now, wasn't that painless? 

As an OM1 or OMC, one of your major 
responsibilities will be to supervise the repair and 
overhaul of optical instruments. To supervise 
optical work most efficiently, you will rely mostly 
on your past experience in shop work and repair 
procedures. In addition to this, you will be 
required to maintain certain records and reports, 
conduct and supervise an effective training 
program (this was covered earlier), and give 
accurate estimates of the time required to 
complete repair work. 



ASSIGNING JOBS AND DUTIES 

With the assistance of your leading petty 
officers, you must plan each phase of each job 
and duty assigned to your work center. Not only 
do you have to concern yourself with your work 
center, but also the personnel required to fill 
division and department jobs and duties. Rare is 
the time when you have all personnel assigned to 
the shop actually in your shop doing what an OM 
is trained to do. In the following paragraphs, 
we will discuss some of the variables that you 
need to consider before you even think about 
assigning repair work. 



Shop 

In the day-to-day running of a work center, 
there are many tasks which need to be done before 
liberty call can go down. For instance, you need 
to assign personnel for shop cleanup. More than 
likely, you will also have some division space, 
passageway, and so forth, for which you are 
accountable. We all know that "sweepers" is not 
just once a day. A good idea is to make up a shop 
cleanup bill and hang it on your shop bulletin 
board, if you have one, or somewhere in your 
work space. Remember to rotate cleanup assign- 
ments, so the same person does not get stuck with 
the same task every week. 

You will also need to assign one of your 
personnel as the shop training petty officer and 



another as shop supply petty officer. These are 
good training collateral duties for your junior 
petty officers. They will be accountable to you 
to make sure they carry out their duties. 



Division 

Whenever you assign duties within your shop, 
keep in mind what duties personnel from your 
shop may need to do within the division. More 
than likely, you will not be assigning these duties 
yourself. Rather, someone in your division office 
will make the assignments. You will, however, be 
responsible for making sure they get carried out 
on time. You have to remember, when planning 
shop assignments, who from your shop will be 
cleaning berthings, on working parties, assigned 
as divisional damage control petty officer, and so 
on. It doesn't make sense to assign a binocular 
repair job to someone who will be out of the shop. 
Also, you might be assigned as the senior person 
within your duty section for your division. You 
would then have to assign duty section personnel 
to perform division duties after normal working 
hours, such as taking out trash, field-daying 
divisional spaces, and so forth. You, as the duty 
division representative, will then be accountable 
to duty repair for updates on the assigned work. 



Department 

Departmental duties are assigned by someone 
within the department office. These duties 
concern both you and your shop personnel. The 
repair office, or possibly the personnel office, may 
assign one of your nonrated personnel to a food 
service attendant tour or a tour to the master-at- 
arms force. That certainly makes a difference to 
you when you are trying to run a shop. Being a 
senior OM, you may be assigned as duty repair 
officer for your duty section. You would assume 
the duty from 0800 on your duty day to 0800 the 
next day. After normal working hours, you 
assume the duties of both the repair officer 
and the assistant repair officer. To make your 
8 o'clock report to the command duty officer 
concerning the security of the department, you 
should inspect repair department working and 
living spaces, as well as updating any work being 
done. Duty repair is responsible for approving, 
expediting, and supervising emergency repair 
work after normal working hours and for calling 
the repair officer when necessary. 
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PLANNING AND SCHEDULING 
REPAIR WORK 

The leading petty officer in each work center 
is generally also the work center supervisor. His 
or her duties will be yours when you become the 
leading petty officer in an optical shop. You will 
then be expected to plan, schedule, and maintain 
(under the supervision of the division officer) the 
work center workload. Your function will be to 
expedite the completion of work requested. With 
the assistance of your leading petty officers, you 
must plan and schedule each phase of each job 
assigned to your work center. In scheduling 
the day's work, consider the lead jobs, assist 
(supplementary) jobs from other repair shops, 
routine upkeep and maintenance, and non- 
productive work, such as working parties. Plan 
for the coordination of the various steps in 
the work. This involves considering available 
personnel, equipment, materials, and the 
workload of the other repair shops. Lack of good 
planning will usually result in confusion, delay, 
and sometimes failure to meet the commitments 
of the shop. 

Planning does not stop in the optical shop. 
The repair officer must know how many 
productive hours will be available for repair work 
during a specific availability to enable him or her 
to know how much work to accept during this 
period of time. Thus, your scheduling could 
ultimately affect your ship's operational schedule. 
This is where your expertise at estimating comes 
into the picture. You must have the ability to give 
an accurate estimate of the time each job will 
consume. To do this, you will rely heavily on your 
past experiences and the experiences of other 
leading petty officers. Don't forget them! They 
can prove to be invaluable! You must also 
estimate the nonproductive hours that will be 
required to meet your work center's obligations 
to provide working parties, mess cooks, special 
liberty, and so forth. 

In planning the work, consider the capabilities 
of your personnel. Assigning an inexperienced 
person to a difficult job requires that an 
experienced person be on hand to give direct 
supervision at all times. If the workload of the 
shop is light, this is a good training opportunity. 
However, if the shop has a heavy workload, the 
inexperienced person will be of more value 
assigned to a job requiring skills more in line with 
his or her experience. 

Another estimate you must make is the 
number of personnel required to accomplish the 



job. Having too many people working on the 
same piece of equipment is sometimes worse than 
having too few. Analyze each job step by step, 
and then assign the required number of personnel. 

You will probably know from experience and 
from memory where each item is located in the 
work center. However, you should attach a list 
of contents to each drawer or cabinet so that the 
rest of the personnel in the work center will also 
know where things are stowed. There is nothing 
more frustrating (or time consuming!) than 
having to go through drawer after drawer 
searching for that elusive part. Have a place for 
everything and keep everything in its place. Your 
storage facilities must have adequate provision for 
securing all gear while your ship is at sea. 

Running a work center is like running a 
business; you must operate within a budget. You 
can eliminate much of the guesswork in estimating 
if you make proper use of records of material 
expended during the previous quarter. Include the 
amount of material required for any special work 
you know is to be done during the period for 
which you are estimating. Plan and place shop 
orders in advance with the supply officer through 
the division officer or the department head. Do 
not bypass any of the normal supply channels of 
authority. 

When you have finished planning the work, 
follow the plans carefully. Be flexible in order to 
meet any unforeseen circumstances or to make 
emergency repairs. If a change in plans is 
indicated, reevaluate the whole plan and make 
whatever changes you believe are necessary. 
Careful planning and follow-up of these plans will 
enable you to run your work center with the 
utmost of efficiency and productivity. 



Allocating Shop Workload 

Your optical shop is primarily concerned with 
repair work. The assignment of work will change 
constantly according to the amount and type of 
work being done in the shop. When the work load 
is light, assign the less experienced personnel to 
complicated jobs under the supervision of an 
experienced petty officer. When the workload is 
heavy, assign your most experienced personnel to 
the urgent jobs and the more complicated ones. 
At times, you may have to reassign work to 
prevent delays, accomplish added new work, or 
expedite emergency jobs. 



Information on Incoming Jobs 

Job orders will generally be received in the 
work center several days in advance of the work. 
Start planning the work as soon as possible to gain 
an advantage of time. Do as much of your 
planning as possible before the work is delivered 
to the work center to ensure that all necessary 
repair parts will be on hand when needed. 



Assigning Priorities 

In planning and scheduling work in the work 
center, you must carefully consider the priority 
of each job order. Priorities are generally 
classified as urgent, routine, or deferred. 

Deferred jobs do not present much of a 
problem, as they are usually done when the 
workload of the shop is light and when there are 
few jobs of a higher priority to be done. Also, 
when these jobs are approved it is with the 
understanding that they will be done when the 
time, personnel, and equipment are available. 

The majority of job orders will be designated 
as routine. They make up the normal workload 
of the work center and must be carefully 
planned and scheduled so that the daily 
organization and production can be maintained 
at a high standard. 

Urgent priority jobs require immediate 
planning and scheduling. Other jobs, of lower 
priority, may have to be set aside so these urgent 
jobs can be completed on time. 



Determining Required Repairs 

When a job is delivered to the shop, one of 
the first things you must do is determine what kind 
of repairs are required. This is where the years 
of practical experience and up-to-date knowledge 
on different types of repair procedures are 
invaluable. During the planning stage, check with 
some of the leading petty officers in the shop for 
ideas on how best to accomplish the necessary 
repairs. Perhaps one of them may have done the 
same job before. It may be possible to assign some 
of the planning work to them; for example, a job 
of repairing a pedestal mount for ship's binoculars 
may be given to a person in the shop who has 
demonstrated the ability to do this type of 
work. If workload permits, remember to have the 
person doing the repair instruct junior personnel 
in the repair procedures. 



After you have determined what repairs are 
necessary, make sure repair parts or materials are 
available. If they are not in your preexpended bins 
or not available on board, requisition them 
through supply. 

Estimating Time for a Job 

Estimating time for the completion of a job 
requires considerable thought and foresight. Your 
estimate may directly affect the success or failure 
of your ship to meet its operational commitments. 
Failure to complete a job in the allotted time can 
result in considerable unnecessary expense and 
loss of valuable time. More than likely you are 
not a psychic. Even so, each estimate you make 
must be realistic, accurate, and dependable. An 
estimate, in a sense, is a guess, but it should be 
an intelligent guess based on the proper use of 
records and experience. No one wants to stand 
before the repair officer or even the commanding 
officer trying to explain why your ship or any 
other ship cannot get underway due to mis- 
management on your part. 

For most of the routine jobs that come into 
the shop, you may give a quick estimate of the 
probable time of completion. Generally, there is 
no requirement to complete routine jobs within 
any set time as long as the repairs are completed 
before the end of the availability and in sufficient 
time for the ship's force to install the repaired 
equipment. 

On the other hand, the estimation of time 
required to complete priority jobs must be given 
considerable thought. If a last minute job comes 
up near the end of the repair period, or if a ship 
in port only for a day or two requires an urgent 
repair job, the time required to make the repairs 
is an important consideration. In jobs such as 
these, the time estimate must be extremely 
accurate to avoid the waste that would result from 
starting a repair job that could not be completed. 
Frequently, you, as the shop supervisor, will make 
the final decision. Because of your experience in 
repair work, your knowledge of the current 
workload, and your knowledge of the personnel 
and equipment in the shop, you should be able 
to give an accurate estimate of the time required 
to complete almost any repair job. 

Teardown Time 

In any repair job, the instrument to be 
repaired is disassembled only as required to enable 
the repairs to be made without damage to other 
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parts of the equipment. Teardown time is the time 
required to disassemble a piece of equipment after 
it has been delivered to the shop. As you prepare 
your time estimate, double the teardown time to 
allow sufficient time for reassembly. If any 
dismantling is required before delivery to your 
shop, get an estimate of this time from the ship's 
force of the customer ship or from other repair 
department personnel. 

Allowing for Miscellaneous Time 

Whenever you estimate a job, do not overlook 
miscellaneous time. Some causes of miscellaneous 
time are fatigue from mind and muscle exercise, 
head calls, rest breaks, meals, and other factors 
or actions not directly associated with the 
repair operation. Be sure to include enough 
miscellaneous time to cover problems such as 
these. 

After you have made an estimate of time 
required to complete a particular job, record it 
so you may refer to it later. When the job has been 
completed, compare the actual time expended 
against your estimate. You may want to create 
a reference file of actual repair times to use for 
future job estimates. By doing this, you will soon 
be able to improve your man-hour estimating 
skill. 

Considering the Workload 

Before you approve a new job for completion 
by a certain time, consider carefully the workload 
of the shop. 

After you have decided what repairs or 
replacements are necessary, you will be able to 
determine what tools and personnel are required 
for the work. Your next step is to check on 
current and scheduled work. If the new job is 
given an urgent priority, the work being done by 
the repair personnel must be set aside until the 
new job is completed. If the new job does not have 
an urgent priority, it must be dovetailed, based 
on its priority, into the shop's schedule. 

Another decision you must make is the 
number of hours per day to set aside for personnel 
to work on the new job. If the new job is a routine 
job, consider having it done during normal 
working hours. If it is a rush job with an urgent 
priority, you may have to assign extra personnel 
in addition to the day's duty section, or even 
assign three shifts to the job, having shop 
personnel work 24 hours a day. 



In brief, the selection and assignment of 
personnel you make will depend upon the 
magnitude and complexity of the new job as well 
as its assigned priority. 

Reacting to Unexpected Problems 

Experience is an excellent teacher of things 
that may go wrong when you do repair jobs. An 
experienced supervisor can avoid many of these 
difficulties. Remember Murphy's law from earlier 
in the chapter? No matter how hard you plan and 
estimate a job, try to consider those unexpected 
difficulties that may arise, and allow extra time 
for them. Be sure you have adequate blueprints 
and tech manuals on hand. If you have sufficient 
technical and process information before starting 
the job and a clear view of the total amount of 
repair work required, you can more easily avoid 
mistakes and delays. The following paragraphs 
discuss reasons why jobs may take longer than 
you originally estimated. 

The repair job itself may cause a certain 
amount of breakage and damage. The 30 minutes 
you may have estimated for removal of binocular 
parts may take 4 hours because of the additional 
damage. 

Failure to make the person doing the repair 
understand the details of a job may result in 
rework. You may have all the details concerning 
a job, but if you fail to pass on the appropriate 
information, or if whoever does the job mis- 
understands what should be done, the job may 
be ruined. Some relatively inexperienced personnel 
fear appearing ignorant and try to make a good 
showing by saying they understand the instruc- 
tions, without fully appreciating what you mean. 
They also cannot read your mind. When the job, 
or part of it, has to be done over, your original 
estimated time of completion will no longer hold 
true. Make sure whoever does the actual work 
thoroughly understands the detailed instructions. 

When the unit to be repaired consists of a 
number of assembled parts, such as a pair of "big 
eyes," there may be difficulties in removing the 
various parts. Parts may be so rusted or frozen 
that they are extremely difficult to remove. On 
the original inspection of an item in need of 
repairs, you should watch for any indication that 
the unit may be difficult to disassemble. If 
necessary, add time to your estimate to cover this 
phase of the repair job. 

If an item fails to pass any required tests after 
repair, additional work will be necessary. Include 
in your time estimate the time for the required 
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tests, and the possibility of additional work 
associated with the tests. 

Do not include in your time estimate the time 
required to deliver the instrument to the shop. 
When boat and crane service are involved in a 
proposed job, notify the person or activity 
requesting the time estimate. If you are requested 
to estimate this time of transportation, make 
separate estimates for the time needed to complete 
work on the instrument and the time needed 
for delivery. Boat and crane service may be 
unpredictable at times, so you should check with 
the officer of the deck and the crane operator 
before making an estimate of this kind. 

When you plan a job, check for possible 
inspections, drills, and working parties that may 
delay the repair job. If the personnel you need 
to assign to the job cannot be excused from such 
activities, add extra time to your time estimate. 

The problems we have mentioned are not all 
the things that may go wrong on a repair job, but 
they indicate the types of things you must 
consider when you estimate the time required to 
do a repair job. 



SUPERVISING THE REPAIR 

AND OVERHAUL OF OPTICAL 

EQUIPMENT 

One of the most important duties of an OM1 
or an OMC is that of supervising the work in the 
work center. As a supervisor, you must instruct 
personnel concerning the different jobs that have 
to be done. You must check on the progress of 
the work and give additional advice or instruc- 
tions when necessary. You should also check each 
completed job to see that it has been done 
properly, safely, and according to your 
instructions. 

SAFETY PRECAUTIONS 

Safety is defined as security from danger, 
harm, loss, or injury. In performing your duties 
as an OM1 or OMC, you may have to direct 
installation, maintenance, and repair of equip- 
ment which may pose a danger to your personnel. 
This work is often done in very limited spaces. 
Because of these dangers, you should be aware 
that the formation of safe and intelligent work 
habits is fully as important as your knowledge of 
equipment. 

As a work center supervisor, you will be 
responsible for training junior personnel in 



proper safety procedures. One of your primary 
objectives should be to train yourself and your 
subordinates to recognize and correct dangerous 
conditions and unsafe acts. You should become 
familiar with all safety directives and precautions 
concerning your work center. 

Accidents do not happen without a cause. 
When each individual is made safety minded and 
taught to think and act in terms of safety, fewer 
accidents result. Safety must be a continuous 
effort in which each individual gains experience 
and knowledge through day-to-day association 
with co-workers who are safety conscious; there- 
fore, why not start your own personal safety 
program? 

THINK SAFETY 
TALK SAFETY 
SELL SAFETY 

Promoting safety within the optical shop will 
require you to become safety conscious to the 
point that you automatically consider safety in 
every job or operation. You must require all jobs 
to be done safely, according to applicable safety 
procedures. Doing a job the safe way may take 
a little longer in some cases or be a little more 
inconvenient, but there is no doubt about the 
importance of doing every job this way. Your 
personnel should automatically reach for a pair 
of safety glasses or goggles each time they operate 
a lathe, drill press, or grinding machine. They 
should automatically don a respirator while 
painting instruments. By providing safety 
reminders, you will pass this safety consciousness 
on to the other personnel. Remember you can 
influence the behavior of your shop personnel by 
example, by developing safe working conditions 
and work procedures, and by teaching these 
procedures and insisting that everyone adheres to 
them. 

Shop Machinery 

In your work as an OM you may be required 
to use shop machinery, such as a grinding wheel, 
drill press, lathe, and so on. In addition to the 
general precautions on the use of tools, there 
are several other precautions that you and your 
subordinates should observe when you work with 
machinery. The more important ones are as 
follows: 

% Never operate mechanical or powered 
equipment unless you are thoroughly 
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familiar with its controls. When in doubt, 
consult the appropriate instruction or ask 
someone who knows. 

> Always make sure everyone is clear before 
starting or operating mechanical equip- 
ment. 

Never try to clear jammed machinery 
without first cutting off the source of 
power. 

* Never operate a drill that is not straight 
and properly sharpened. Tighten the drill 
securely in the chuck, using the key 
provided; never secure it with pliers or with 
a wrench. 

Never operate machinery with defective 
power cords. Do not allow cords to kink 
or to come in contact with oil, grease, hot 
surfaces, or chemicals. If you discover a 
damaged cord, have it replaced. Do not 
patch it or have it patched with tape. 

Hand Tools 

Be sure that all tools conform to Navy 
standards of quality and type. Use each tool 
only for the purpose intended. Have all tools in 
active use maintained in good repair and all 
damaged or nonworking tools returned to the tool 
keeper. Do not leave tools on floors, platforms, 
ladders, or on shelves above moving machinery. 
Keep tools and hands free of grease, and clean 
tools with an approved solvent. Make sure tools 
and other materials are not thrown or dropped 
down to personnel working on another level. Have 
them raised or lowered by handlines or canvas tool 
bags or buckets. Be sure everyone stands clear 
when tools and other materials are being raised 
or lowered. 

Take care when you select pliers, side cutters, 
or diagonal cutters. Pliers or cutters should never 
be used on nuts or pipe fittings. Teach your 
personnel to always hold pliers or cutters properly. 
Their fingers should not be wrapped around the 
handle so that they can be pinched or jammed if 
the tool slips. When your personnel cut short 
pieces, have them take care that parts of the work 
do not fly and cause injury. 

Tools having plastic or wooden handles that 
are cracked, chipped, splintered, or broken can 
cause cuts, bruises, and eye damage. Such tools 
should be condemned, replaced or, if possible, 



repaired before they cause accidents. NEVER 
PUT EXTENSIONS ON TOOL HANDLES TO 
INCREASE LEVERAGE. 

A screwdriver for electrical work must have 
a nonconducting handle. It should also be of the 
proper size to fit the screw and should never be 
used as a substitute for a punch or a chisel. The 
blades of screwdrivers can be kept in proper shape 
with a file or a grinding wheel. 

Be sure wrenches are used only if they are right 
for the job and only if they are in good 
condition. An adjustable wrench should be 
faced so that the movable jaw is located forward 
in the direction in which the handle is to be turned. 

Grease must be handled carefully and used 
only for the purpose intended. Serious injury has 
resulted when grease has been shot out of a grease 
gun in horseplay. NEVER let anyone point a 
grease gun toward another person. 

Acetone should be stored properly when not 
in use. Make sure personnel using acetone to 
clean lenses and surfaces are not smoking in the 
immediate area. 

Portable Power Tools 

Make sure your personnel read the operating 
instructions for tools carefully, learning each 
tool's applications, limitations, and potential 
hazards. Keep the tools sharp and clean for best 
and safest performance. Make sure electrical 
power tools are safety checked. 

Make sure personnel never carry a tool by its 
cord or yank the cord to disconnect the tool from 
a receptacle. Keep the cord away from heat 
sources, oil, and sharp edges. Don't allow 
personnel to operate electric-powered tools in 
damp or wet locations. 

Keep work areas lighted and clean; cluttered 
benches invite accidents. Make sure tools are 
disconnected and stored when not in use. Keep 
visitors a safe distance from work areas. Be sure 
your shop personnel wear proper working attire; 
loose-fitting clothes and jewelry can get caught 
in moving parts. 

You, as a supervisor, have a duty to yourself 
and the people you work with to know and 
enforce all safety regulations. You must make sure 
your people are familiar with and know the 
correct safety procedures before assigning them 
to a task that can harm them in any way. In short, 
make sure they are wearing the proper protective 
clothing, are using the correct respirator for the 
work being performed, and have adequate eye and 
hearing protection. There are no short cuts in 
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doing a job safely. You should obtain copies of 
OPNAVINST 5100.23 (series), Navy Occupa- 
tional Safety and Health (NA VOSH) Program 
Manual, and OPNAVINST 5100. 19 (series), Navy 
Safety Precautions for Forces Afloat. Become 
familiar with them. Remember the old adage, 
"The life you save may be your own." 

REPAIR PROCEDURES 

As a shop supervisor, you must see that all 
work is done properly and on time. To do this, 
you must control the workload and see that all 
work is completed correctly. The quality of the 
finished product reflects the skills of the whole 
shop, and in final analysis, your own skills as a 
supervisor. 

Inspection Sheet 

To help you ensure that work received in the 
shop is inspected prior to, during, and after repair, 
you may want to use an inspection sheet. The 
inspection sheet can be one that you design or one 
from another source. The sheet will not only 
function as a quality control check but also serve 
as a guide to making repair decisions. You should 
identify checks made both prior to disassembly 
and during final inspection. Decide if you want 
a separate sheet for each type of instrument. Some 
of the questions the inspection sheet may ask are 
as follows: How clean are the lenses? Does the 
instrument pass diopter setting checks? Does it 
need to be repainted? Is it properly collimated? 
Does the equipment hold the gas or does it 
leak? Did the equipment show a drop in gas after 
24 hours? For magnetic compasses, does the 
instrument pass its periodicity checks? 

Make sure there is room for any comments 
and a space for the inspector's signature or 
initials. After the final inspection is made, you 
may want to attach the inspection sheet to a copy 
of the signed work order or keep a separate file 
for them. 

Pre-Disassembly Checks 

When an instrument is brought into your 
shop, you should initially check the instrument 
out in the presence of the person who brought it 
to you. This check is to check for possible 
mismanagement of the equipment. For example, 
a pair of ship's binoculars is brought in with 
terribly scratched objective lenses. You may want 
to ask the person how the lenses were cleaned. 



To you, it looks like they were cleaned with 
. sandpaper. The owners may be using the wrong 
materials. If so, you may want to discuss with the 
person the proper procedures for cleaning the 
lenses. Document any findings on the inspection 
sheet. When you assign the equipment to someone 
to fix, give him or her the sheet to use during the 
initial pre-disassembly checks. These checks will 
help to decide what repairs need to be done. 
Remember, if it's not broken, you should not have 
to fix it. 

Checking the Progress of Work 

As a supervisor, you should frequently inspect 
the progress of the various jobs in the work center. 
By doing this, you can see which jobs and 
personnel require additional attention. You will 
also be able to give production updates to those 
requiring them. 

Always check to see that personnel understand 
the instructions properly or are doing the work 
correctly. You may have to provide additional 
instructions to give them a better understanding 
of the job or to improve workmanship. By 
frequently talking to your personnel and by 
answering questions, you can prevent costly 
mistakes. Supervisors who show interest in their 
personnel and confidence in their ability to do jobs 
well will find that their personnel have confidence 
in them as good work center supervisors. 

Since complications may develop on some 
repair jobs, you may have to do some additional 
planning and revise certain repair procedures. 
Observe the progress of the various jobs and 
determine which jobs are ahead of or behind 
schedule. You will then be able to change the 
schedules as necessary to prevent "bottlenecks" 
and keep the most important jobs moving. 

Post-Assembly Checks 

Inspect and approve each job to ensure its 
completeness. Using the inspection sheet, run 
the instrument through its tests and check its 
condition. This is necessary to make sure the 
repair job or the manufactured part will satisfy 
the repair activity and the ship's force that 
is going to use and depend upon it. Have all 
discrepancies corrected and then rechecked. 

Finalizing Completed Jobs 

When a job is finished, complete all necessary 
records and paper work, making sure they are up 



to date. Be sure all work requests are complete 
and contain the man-hours expended, the material 
used, and a full description of the work 
accomplished. Notify the ship superintendent or 
division production chief when the job is 
completed. Do not allow completed jobs to 
accumulate in the shop. You do not want to lose, 
damage, or mix up the equipment. 

Before releasing a completed item, have the 
requesting activity representative sign the work 
request (you may want to have the representative 
print his or her name under the signature for 
future reference). Also, double check the 
identification on the item and on the work request 
to be sure they coincide. You would not want to 
give the representative another ship's equipment. 
If the requesting activity furnished you with 
blueprints or a technical manual, make sure you 
return them. 



SURVEYING EQUIPMENT 

Government equipment that is worn out, 
damaged beyond repair, or lost must be formally 
stricken from government records. This is done 
by survey. As a supervisor you will have to 
determine when a piece of equipment, whether it 
belongs to you or to a tended activity, needs to 
be surveyed. Many times an activity will route a 
work request to repair an instrument even though 
it may not be repairable. You must inspect the 
instrument and determine if it can or cannot be 
repaired. You might not be able to repair the item 
because it is irreparable. You will then have to 
initiate a survey on the item. 

DOCUMENTATION 

When you recommend survey on a piece of 
equipment, you must initiate some form of 
documentation. There is a difference between the 
documentation required for another activity's 
equipment and equipment belonging to your 
shop. You will use either a Report of Survey 
(DD Form 200) or a command-generated form for 
recommending survey. 

Report of Survey (DD Form 200) 

The DD Form 200 is used to document a 
Report of Survey and to certify the survey 
process. Use this report for equipment belonging 
to your shop (for example, auxiliary telescopes, 
stereo comparators, and shop binoculars). 



Procedures on filling out the form and further 
information is obtained in Afloat Supply 
Procedures, NAVSUP PUB 485. 

Command-Generated Form 

Instruments whose condition is beyond repair 
requested by other activities should also be 
recommended for survey. Commands usually 
have their own form to be used for this purpose. 
When you recommend survey, make sure you 
make a copy of the form to keep for your files. 
One copy should go to the requesting activity so 
it can generate a Report of Survey Form on its 
equipment. 



SHOP LOGS 

Suppose one day you look up from your desk 
and standing before you is an irate division 
officer from another command. Seems one of his 
personnel brought a sextant over to your shop to 
be repaired during their last availability. However, 
the ship is getting underway tomorrow and the 
sextant cannot be located. That irate division 
officer is sure you gave his sextant away or, worse, 
you are using it at home. Imagine you can't tell 
him what happened to it. Now imagine that you 
pull out one of your shop logs and show him 
which of his personnel signed for it. Now that 
irate officer can direct his attention elsewhere. 

No supervisor likes to keep records and paper 
work, yet they are a vital part of the work. Make 
it a point to keep neat and accurate records. 
Keeping all your logs up to date will enable you 
to keep a close check on each job, worker, and 
piece of equipment under your supervision. Paper 
work may seem to be a waste of time, but in the 
long run you will realize how much your success 
as shop supervisor depends upon your ability to 
handle paper work properly. The three logs you 
should be most concerned with are the work 
progress log, the inventory of assigned tools and 
equipment, and the work status board. 

WORK PROGRESS LOG 

A work progress log is a record of all the 
current and completed work accomplished by 
your shop and by each worker assigned to your 
shop. This log may be one of your own design, 
but it should contain the following information: 
job order and work request number, date 



received, name of the activity requesting the work, 
brief description of the job (include serial 
number), name of the person assigned to do the 
job, and number of man-hours expended. 



INVENTORY OF ASSIGNED 
TOOLS AND EQUIPMENT 

The inventory of assigned tools and equipment 
will enable you to maintain a system of 
accountability for valuable tools and equipment. 
You should see that custody cards are made out 
for tools and equipment requiring custody 
signatures. These include such items as portable 
power tools, gauges, micrometers, and special sets 
of hand tools. Tools which are of a highly 
pilferable nature should be accounted for by 
inventory at regular intervals. 

You should also have a list of the various 
tools charged to you and their location whether 
in the shop or storeroom or assigned to an 
individual; the location of repair parts boxes 
can also be logged in this notebook. An equip- 
ment log kept up to date with adequate tool 
descriptions make, model, and serial number 
will be of great assistance to you in making 
periodic inventories. 



STATUS BOARD 

A status board provides a quick reference as 
to incoming work, the progress of work in the 
shop, and completed jobs. You may want to have 
one of these made. Plexiglass over paperboard or 
some sort of lined board makes a board that is 
easy to update using a grease pencil. 



SUMMARY 

As you have learned from this chapter, the 
Navy has a variety of assignments for senior OMs. 
The management of personnel and repair of 
equipment are some of the most important 
responsibilities assigned to personnel in a 
supervisory position. Your ability to establish 
standards and to evaluate personnel and situations 
will be tested. 

You may be called upon to be the "fountain 
of wisdom" in all matters associated with optical 
instruments. Be versatile, be objective and, above 
all, be prepared to assume these important tasks. 
This text only scratches the surface of optical shop 
management. 

You must now expand on what you have 
learned by seeking other sources of information 
on the subject and become the fountain of wisdom 
you are expected to be, and can be. 



CHAPTER 2 

QUALITY ASSURANCE 



As you progress up the ladder of responsibility 
as an Opticalman, you become more involved in 
the field of quality assurance (QA). As an OM1 
or OMC, you will be responsible for ensuring that 
the work performed by your technicians and by 
outside help is completed with the highest quality 
possible. Most of the personnel in the OM rating 
take pride in the performance of their jobs, and 
they normally strive for excellence. However, 
every individual has an occasional off day. For 
example, your best technician may have had the 
midwatch the previous night. When an individual 
is tired and not 100 percent alert, oversights 
or mistakes are easy to make. As the work group 
or work center supervisor, one of your many 
responsibilities will be to ensure that all 
corrective action performed is done correctly 
and meets prescribed standards. Improper 
performance of repairs or installations could 
endanger an expensive piece of equipment or 
cause another piece of equipment to fail 
prematurely. A well-organized QA and inspection 
program will minimize the impact of a moment 
of carelessness or inattention. This chapter 
will familiarize you with the purpose, basic 
organization, and mechanics of the quality 
assurance (QA) program. 

You may be assigned as a QA representative 
or collateral duty inspector from time to time. As 
a work center supervisor you will be responsible 
for the quality control program in your work- 
spaces. It is important that you become quality 
conscious. To make any program successful, 
you will have to know and understand the QA 
program and obtain the cooperation and 
participation of all your personnel. This requires 
you to ensure that all tests and repairs conform 
to their prescribed standards. In addition, you as 
a supervisor must train all your personnel in 
quality control (QC). 

QUALITY ASSURANCE PROGRAM 

The QA program was established to provide 
personnel with information and guidance 



necessary to administer a uniform policy of 
maintenance and repair of ships and submarines. 
The QA program is intended to impart discipline 
into the repair of equipment, safety of personnel 
and configuration control, thereby enhancing 
ship's readiness. 

The various QA manuals set forth minimum 
QA requirements for both the surface fleet and 
the submarine force. If more stringent require- 
ments are imposed by higher authority, such 
requirements take precedence. If conflict exists 
between the QA manual and previously issued 
letters and transmittals by the appropriate force 
commander, the QA manual takes precedence. 
Such conflicts should be reported to the 
appropriate officials. 

The instructions contained in the QA 
manual apply to every ship and activity of the 
force. Although the requirements are primarily 
applicable to the repair and maintenance done by 
the force intermediate maintenance activities 
(IMAs), they also apply to maintenance done 
aboard ship by the ship's force. In all cases, 
specifications must be met. If specifications 
cannot be met, a departure from specifications 
request must be completed and reported. This will 
be discussed later in the chapter. 

Because of the wide range of ship types and 
equipment and the varied resources available for 
maintenance and repair, the instructions set forth 
in the QA manual are necessarily general in 
nature. Each activity must implement a QA 
program to meet the intent of the QA manual. 
The goal should be to have all repairs conform 
to QA specifications. 



PROGRAM COMPONENTS 

The basic thrust of the QA program is to 
ensure that you comply with technical specifica- 
tions during all work on ships of both the 
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surface force and the submarine force. The key 
elements of the program are as follows: 

1 . Administrative. This includes training and 
qualifying your personnel, monitoring and 
auditing programs, and completing the QA 
forms and records. 

2. Job Execution. This includes preparing work 
procedures, meeting controlled material 
requirements, requisitioning material, 
conducting in-process control of fabrica- 
tion and repairs, testing and recertifying, 
and documenting any departure from 
specifications. 

CONCEPTS OF 
QUALITY ASSURANCE 

The ever-increasing technical complexity of 
present-day surface ships and submarines has 
spawned the need for special administrative and 
technical procedures known collectively as the QA 
Program. The QA concept is fundamentally the 
prevention of defects. This encompasses all events 
from the start of maintenance operations until 
their completion. It is the responsibility of all 
maintenance personnel. Achievement of QA 
depends on prevention of maintenance problems 
through your knowledge and special skills. As a 
supervisor, you must consider QA requirements 
whenever you plan maintenance. The fundamental 
rule for you to follow for all maintenance is that 
TECHNICAL SPECIFICATIONS MUST BE 
MET AT ALL TIMES. 

Prevention is concerned with regulating events 
rather than being regulated by them. It relies on 
eliminating maintenance failures before they 
happen. This extends to safety of personnel, 
maintenance of equipment, and virtually every 
aspect of the total maintenance effort. 

Knowledge is obtained from factual informa- 
tion. This knowledge is acquired through the 
proper use of data collection and analysis 
programs. The maintenance data collection 
system provides maintenance managers unlimited 
quantities of factual information. Correct use 
of this information provides management with 
the necessary knowledge required to achieve 
maximum readiness of aircraft and weapon 
systems. 

Special skills, normally not possessed by 
production personnel, are required by a staff of 
trained personnel for analyzing data and super- 
vising QA programs. 



The QA program provides an efficient method 
for gathering and maintaining information on the 
quality characteristics of products and on the 
source and nature of defects and their impact on 
the current operation. It permits decisions to be 
based on facts rather than intuition or memory. 
It provides comparative data which will be useful 
long after the details of the particular times or 
events have been forgotten. Quality assurance 
requires both authority and assumption of 
responsibility for action. 

A properly functioning QA program points 
out problem areas to maintenance managers so 
they can take appropriate action to accomplish 
the following: 

1. Improve the quality, uniformity, and 
reliability of the total maintenance effort. 

2. Improve the work environment, tools, and 
equipment used in the performance of 
maintenance. 

3. Eliminate unnecessary man-hour and 
dollar expenses. 

4. Improve the training, work habits, and 
procedures of maintenance personnel. 

5. Increase the excellence and value of reports 
and correspondence originated by the 
maintenance activity. 

6. Distribute required technical information 
more effectively. 

7. Establish realistic material and equipment 
requirements in support of the maintenance 
effort. 

To obtain full benefits from a QA program, 
teamwork must be achieved first. Blend QA func- 
tions in with the interest of the total organization 
and you produce a more effective program. Allow 
each worker and supervisor to use an optimum 
degree of judgment in the course of the assigned 
daily work; a person's judgment plays an 
important part in the quality of the work. 
Quality assurance techniques supply each person 
with information on actual quality. This infor- 
mation provides a challenge to the person to 
improve the quality of the work. The resulting 
knowledge encourages the best efforts of all your 
maintenance personnel. 

Quality assurance is designed to serve both 
management and production equally. Manage- 
ment is served when QA monitors the complete 
maintenance effort of the department, furnishes 
factual feedback of discrepancies and deficiencies 
and provides the action necessary to improve the 
quality, reliability, and safety of maintenance. 



The commanding officers (COs) are respon- 
sible to the force commander for QA in the 
maintenance and repair of the ship. The CO is 
responsible for organizing and implementing a 
QA program within the ship to carry out the 
provisions of the TYCOMs QA manual. Quality 
assurance is a collateral duty assignment except 
where the manpower authorization provides QA 
billets. 

The CO ensures that all repair actions 
performed by ship's force conform to provisions 
of the QA manual as well as other pertinent 
technical requirements. (Level I certified ships 
maintain continuity of Level I [nuclear and non- 
nuclear] certification during the operating cycle 
and assure that all repair actions performed within 
Level I boundaries are completed and documented 
as set forth by the QA manual.) 

The CO ensures that all work requests 
requiring special controls are properly identified 
and that applicable supporting documentation is 
provided to the maintenance or repair activity 
using the applicable QA form. 

The CO also ensures that departures from 
specifications are reported, required audits 
are conducted, and adequate maintenance is 
performed for the material condition necessary 
to support continued unrestricted operations. 

The quality assurance officer (QAO) is 
responsible to the commanding officer for 
the organization, administration, and execution 
of the ship's QA program according to the QA 
manual. 

The QAO is responsible for the following: 

* Coordinating the ship's QA training 
program. 

* Ensuring QA training becomes an integral 
part of the ship's training program. 

* Maintaining ship's QA records and test 
and inspection reports. 

* Maintaining auditable departure from 
specifications records, and reviewing 
procedures and controlled work packages 
prepared by the ship. 

* Conducting QA audits as required and 
following up on corrective actions to 
ensure compliance with the QA program. 

* Preparing QA/QC (quality assurance/ 
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The ship quality control inspectors (SQCIs) 

usually work center supervisors and two other 
from the work center, must have a thoroug! 
understanding of the QA program. Some of th 
other responsibilities an SQCI will have are a 
follows: 

9 Inspect all work for conformance t< 
specifications. 

* Train personnel in QC. 

Maintain ship records to support the Ql 
program. 

* Ensure that only calibrated equipment i 
used in acceptance testing and inspectioi 
of work. 

* Initiate departure from specificatioi 
reports (discussed later) when required. 

* Ensure that all inspections beyond th 
capabilities of the shop's QA inspector ar 
performed and accepted by IMA prior t< 
final acceptance and installation of th 
product by the ship. 

* Witness and document all tests. 

% Ensure that all materials or test results tha 
fail to meet specifications are recorded am 
reported. 

* Report all deficiencies and discrepancie 
to the ship's QA coordinator (keeping th 
division officer informed). 

* Develop controlled work packages for al 
ship repair work requiring QA controls 

More on SQCI duties will be discussed late 
in this chapter, because this will more than likel; 
be the area you will be associated with. 



RESPONSIBILITIES FOR 
QUALITY OF MAINTENANCE 

Although the CO is responsible for th 
inspection and quality of material within j 
command, he or she depends on the ful 
cooperation of all hands to meet this respon 
sibility. The responsibility for establishing ; 



quality workmanship cannot be discharged by 
merely creating a QA division within a mainte- 
nance organization. To operate effectively, this 
division requires the full support of everyone 
within the organization. It is not the instruments, 
instructions, and other facilities for making 
inspections that determine the success or failure 
in achieving high standards of quality; it is the 
frame of mind of all personnel. 

Quality maintenance is the name of the game. 
You, as a supervisor, must know that high-quality 
work is vital to the effective operation of any 
maintenance organization. To achieve this high 
quality of work, each of your personnel must 
know not only a set of specification limits, but 
also the purpose for those limits. 

The person with the most direct concern for 
quality workmanship is you the production 
supervisor. This stems from your responsibility 
for the proper professional performance of your 
assigned personnel. You must establish procedures 
within the work center to ensure that all QA 
inspection requirements are complied with 
during all maintenance evolutions. In developing 
procedures for your work center, keep in mind 
that inspections normally fall into one of the three 
following inspection areas: 

1 . RECEIVING OR SCREENING INSPEC- 
TIONS. These inspections apply to 
material, components, parts, equipment, 
logs and records, and documents. These 
inspections determine the condition of 
material, proper identification, mainte- 
nance requirements, disposition, and 
correctness of accompanying records and 
documents. 

2. IN-PROCESS INSPECTIONS. These 
inspections are specific QA actions that are 
required during maintenance or actions in 
cases where satisfactory task performance 
cannot be determined after maintenance 
has been completed. These inspections 
include witnessing, application of torque, 
functional testing, adjusting, assembling, 
servicing, and installation. 

3. FINAL INSPECTIONS. These inspections 
comprise specific QA actions performed 
following the completion of a task or series 
of tasks. QA inspection of work areas 
following task completion by several 
different personnel is an example of a final 
inspection. 



You have the direct responsibility as pro- 
duction supervisor to assign a collateral duty 
inspector at the time you assign work. This 
allows your inspector to make the progressive 
inspection(s) required; the inspector is not 
then confronted with a job already completed, 
functionally tested, and buttoned up. Remember, 
production personnel to which you have assigned 
the dual role of inspector cannot certify 
inspection of their own work. 

SHIP QUALITY CONTROL 
INSPECTOR (SQCI) 

The inspector is the front line guardian of 
adherence to quality standards. In the shops and 
on the deck plates, the SQCIs must constantly 
remind themselves that they can make a difference 
in the quality of a product. They must be able to 
see and be recognized for their contributions in 
obtaining quality results. 

As a work center supervisor, you will be 
responsible for the QA program in your work 
spaces. You must realize that QA inspections are 
essential elements of an effective QA program. 
You are responsible to your division officer and 
the QAO for coordinating and administering the 
QA program within your work center. You are 
responsible for ensuring that all repaired units are 
ready for issue. This doesn't mean you have to 
inspect each item repaired in your shop personally; 
you should have two reliable, well-trained 
technicians to assist you in QA inspections. To 
avoid the many problems caused by poor mainte- 
nance repair practices or by the replacement 
of material with faulty or incorrect material, 
you must take your position as an SQCI very 
seriously. When you inspect a certain step of an 
installation, ensure to the utmost of your 
knowledge and ability that the performance and 
product meet the required specifications and that 
installations are correct. 

Most commands that have a QA program will 
issue you a special card that will identify you as 
a qualified SQCI for your command. Each of 
your shop SQCIs will also be assigned a personal 
serial number by the QAO as proof of certifica- 
tion, to use this on all forms and tags that require 
initials as proof that certified tests and inspections 
were made. This will provide documented proof 
and traceability that each item or lot of items 
meets the material and workmanship for that 
stage of workmanship. Also, you will be given a 
QCI stamp so that you can stamp the QCI 
certification on the forms or tags as a checkoff 



of a particular progressive step of inspection or 
final job completion. The stamp will also serve 
as proof of inspection and acceptance of each 
satisfactory shop end product. This stamp may 
have your command identification and a QCI 
number that is assigned and traceable to you. 

As an SQCI, you should be thoroughly 
familiar with all aspects of the QA program and 
the QC procedures and requirements of your 
specialty. 

You will be trained and qualified by the QAO 
according to the requirements set forth by your 
applicable QA manual and the quality control 
requirements applicable to your installation. The 
QAO will interview you to determine your general 
knowledge of QA and your attitude toward the 
QA discipline. You will have to pass a written 
examination and also demonstrate knowledge of 
records, report completion, and filing require- 
ments. 

You will report to the appropriate QA 
supervisors while keeping your division officer 
informed of matters pertaining to QA work done 
in the shop. You and your other work center QCIs 
will be responsible for the following: 

1 . Developing a thorough understanding of 
the QA program. 

2. Ensuring that all shop work performed by 
your work center personnel meets the 
minimum requirements set forth in the 
latest plans, directives, and specifications 
of higher authority and that controlled 
work packages (CWPs) are properly used 
on repair work. 

3. Ensuring that all work center personnel are 
familiar with applicable QA manuals by 
conducting work center/division training. 

4. Maintaining records and files to support 
the QA program, following the QA 
manual. 

5. Assuring that your work center and, when 
applicable, division personnel do not use 
measuring devices, instruments, inspection 
tools, gauges, or fixtures for production 
acceptance and testing which do not have 
current calibration stickers or records 
attached or available. 

6. Performing quality control inspections of 
each product manufactured or repaired by 
your work center. 

7. Assisting your division officer and QAO 
in conducting internal audits as required 
and taking corrective action on noted 
discrepancies. 



Alternate SQCIs are usually assigned as 
backups to the regular SQCIs. Their qualifications 
and responsibilities will be the same as those of 
the regularly assigned SQCI. 

WORK CENTER CONTROLLED 
MATERIAL PETTY OFFICERS 
(CMPO) 

As a supervisor you must also ensure that 
procedures governing controlled material are 
followed. You can do this by having one or more 
of your work center personnel trained in the 
procedures for inspecting, segregating, stowing, 
and issuing controlled material. When they have 
completed their training, designate them as 
controlled material petty officers (CMPOs). 

SHOP CRAFTSMAN 

As stated earlier, the person doing the work, 
whether it be manufacturing or repairing, is 
responsible for following all written guidelines. 
He or she is responsible to you when questions 
arise about the work being performed, whether 
the work is incorrect, incomplete, or unclear. 
Ensure that your workers know to stop and seek 
work instructions or clarification from you when 
questions or conditions arise which may present 
an impediment to the successful completion of the 
task at hand. 

A good lesson to teach over and over to all 
workers is to strive to achieve first-time quality 
on every task assigned. This will not only instill 
pride and professionalism in their work, but also 
will ensure a quality product. 



QUALITY ASSURANCE 

REQUIREMENTS, TRAINING 

AND QUALIFICATION 

A comprehensive personnel training program 
is the next step in an effective QA program. For 
inspectors to make a difference, they must be both 
trained and certified. They must have formal or 
informal training in inspection methods, 
maintenance and repair, and certification of QA 
requirements. Costly mistakes, made either from 
a lack of knowledge or improper training, can be 
entirely eliminated with a good QA training 
program at all levels of shop or work group 
organization. Before personnel can assume the 
responsibility of coordinating, administering, and 
executing the QA program, they must meet 
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certain requirements. Personnel assigned to the 
QA division or quality control personnel.you have 
assigned in your work center, such as SQCIs, 
CMPOs, or their alternates, should be highly 
motivated towards the QA program. It is 
imperative that a qualification and requalification 
program be established for those personnel 
participating in the program. Where military 
standards and NAVSEA technical documents 
require formal technical training or equivalent, 
those requirements must be met and personnel 
qualification vigorously and effectively monitored 
to ensure that qualifications are updated and 
maintained. When formal training for a specific 
skill is not a requirement, the guidelines of the 
QA manual may be used as a basis for training 
to ensure that personnel are provided with the 
necessary expertise to perform a required skill. 
Personnel who obtain a QA qualification must 
undergo periodic QA training and examinations, 
both oral and written, to maintain the qualifica- 
tion. We will discuss this procedure in the 
following paragraphs. 

QUALITY ASSURANCE OFFICER 

The QAO is an individual whose primary 
duty, assigned by the commanding officer in 
writing, is to oversee the QA program. The QAO 
ensures that personnel assigned to perform 
QA functions receive continuous training in 
inspecting, testing, and quality control methods 
specifically applicable to their area of assignment. 
The QAO also ensures that SQCIs receive cross 
training in order to perform QA functions not in 
their assigned area. This training includes local 
training courses, on-the-job training (OJT), 
rotation of assignments, personnel qualification 
standards (PQS), and formal schools. 

Whenever possible, the QAO receives formal 
training according to the QA manual. He or she 
is responsible to the repair officer for planning 
and executing a QA training program for the 
various qualifications required for QA. The QAO 
personally interviews each perspective SQCI to 
ensure that the person has a thorough under- 
standing of the QA mission. 

REPAIR OFFICER (RO) 

The RO maintains qualified personnel in all 
required ratings for the QA program in his 
or her department. He or she also ensures that 
personnel assigned to the repair department are 
indoctrinated and trained in QA practices and 



DIVISION OFFICERS 

Division officers ensure that their divisional 
personnel receive training and are qualified in the 
QA process and maintain those qualifications, 
They make sure that all repairs, inspections, 
and production work requiring a witness arc 
witnessed by division work center QC inspectors 
and that all test records are completed and 
signed. Division officers ensure that all tesl 
personnel observe all safety precautions pertaining 
to the specific equipment and wear personal safetj 
equipment at all times while conducting these 
evolutions. They also make sure that test equip- 
ment, if required, is properly calibrated and thai 
adequate overpressure protection is provided 
during tests in division spaces. 

QUALITY ASSURANCE 

Quality assurance supervisors are senioi 
petty officers who have been properly qualified 
according to the QA manual. They have 
thorough understanding of the QA functior 
and are indoctrinated in all aspects of the 
coordinating, administering, and auditing pro- 
cesses of the QA program. Quality assurance 
supervisors train all SQCIs and CMPOs anc 
ensure their recertification upon expiration ol 
qualifications. Quality assurance supervisors alsc 
administer written examinations to all perspective 
SQCIs and to SQCIs who require recertificatioi] 
to ensure a through understanding of the QA 
program. 

SHIP QUALITY 
CONTROL INSPECTORS 

SQCIs are trained by the QA supervisors ir 
applicable matters pertaining to the QA program 
An inspector must be equally as skilled as the 
craftsman whose work he or she is required tc 
inspect. Not only should the inspector know the 
fabrication or repair operation and what workers 
are required to do, but also how to go abom 
doing it. 

To recognize a product quality characteristic 
the SQCI must be given certain tools anc 
training. Tools of their trade should include 
measuring devices and documentation. Theii 
training is both formal (documented course o: 
instruction) and informal (OJT). They must pasi 
a written test given by the QA supervisors, as wel 
as an oral examination given by the QAO. Th< 



QA program and specific requirements relative 
to their particular specialty. Successful completion 
of the shop qualification program course for QC 
inspectors will fulfill this requirement. The QA 
supervisor may also administer a practical 
examination to perspective SQCIs in which they 
will have to demonstrate knowledge of records 
and report completion, and filing requirements. 
This will ensure that the SQCIs have a general 
knowledge of and a proper attitude toward the 
QA program. 

CONTROLLED MATERIAL 
PETTY OFFICERS 

CMPOs are normally petty officers, E-4 or 
E-5, who are thoroughly familiar with controlled 
material requirements as outlined in the QA 
manual. They, too, are trained and qualified by 
a QA supervisor. The QAO will interview them, 
as he or she did for SQCIs, to see if they have 
a general knowledge of controlled material 
requirements. 

The QA supervisor will give them a written 
test to ensure that they have sufficient knowledge 
of controlled material requirements and pro- 
cedures to effectively carry out their respon- 
sibilities. 



OPERATION OF A QUALITY 

ASSURANCE PROGRAM 

Initiating an effective, ongoing QA program 
is an all-hands effort. It takes the cooperation of 
all shop personnel to make the program work. As 
the shop or work group supervisor, you will be 
responsible for getting the program rolling. 

The key elements are a good personnel 
orientation program, a comprehensive personnel 
training program, use of the proper repair 
procedures, and uniform inspection procedures. 
When you have organized the shop or work 
center and have placed all these elements in 
practice, your QA program will be underway. 
These elements are discussed in the following 
paragraphs. 

PERSONNEL ORIENTATION 

The best way to get the support of your 
personnel is to show them how an effective QA 
program will benefit them personally. Eliminating 
or reducing premature failures in repaired units 
and introducing high-reliability repairs will 



appreciably reduce their workload, saving them 
frustration and enhancing the shop or work group 
reputation. This program, as any new program 
or change to an existing program, will probably 
meet with opposition from some shop personnel. 
By showing your shop personnel the benefits of 
a QA program, you greatly reduce opposition to 
change. 

REPAIR PROCEDURES 

Repair procedures may be defined as all of the 
action required to return an equipment to its 
proper operating condition after a defect has been 
discovered. Repair procedures include parts 
handling, disassembly, component removal or 
replacement, and assembly. Strictly adhering to 
the proper repair procedures will almost entirely 
eliminate premature failures. You, as shop super- 
visor or work group supervisor, and subordinate 
work center supervisors are responsible for 
ensuring that the proper procedures are used in 
handling all repairable units. 



QUALITY ASSURANCE TERMS 
AND DEFINITIONS 

As a supervisor, you need to be able to talk 
to your personnel about quality assurance and 
have them be able to carry out your instructions 
properly and promptly. You need to promote the 
use of words and phrases pertaining to quality and 
related programs, thus improving the clarity in 
your communication with them about QA. To do 
this, you need to understand the terms frequently 
used throughout the QA program. Each TYCOM'S 
QA manuals and MIL-STD-109 has a complete 
list of these terms, but the most frequently used 
terms are listed here: 

Quality assurance. Quality assurance (QA) 
is a system that ensures that materials, 
data, supplies, and services conform to 
technical requirements and that repaired 
equipments perform satisfactorily. 

Quality control. Quality control (QC) is a 
management function that attempts to 
eliminate defective products, whether they 
are produced or procured. 

Acceptance. Acceptance is when an 
authorized representative approves specific 
services rendered (such as a repair or 
manufactured part). 
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t> Calibration. This is the comparison of two 
instruments or measuring devices, one of 
which is a standard of known accuracy 
traceable to national standards, to detect, 
correlate, report, or eliminate by adjust- 
ment any discrepancy in accuracy of the 
instrument or measuring device being 
compared with the standard. 

* Inspection. This is the examination and 
testing of components and services to 
determine whether they conform to 
specified requirements. 

In-process inspection. This type of inspec- 
tion is performed during the manufacture 
and repair cycle to prevent production 
defects. It is also performed to identify 
production problems or material defects 
that are not detectable when the job is 
complete. 

Inspection record. Inspection records 
contain data resulting from inspection 
actions. 

Specifications. A specification is any 
technical or administrative directive, such 
as an instruction, a technical manual, a 
drawing, a plan, or a publication, that 
defines repair criteria. 

% Audit. An audit, as it applies to the QA 
program, is a periodic or special evalua- 
tion of details, plans, policies, procedures, 
products, directives, and records necessary 
to determine compliance with existing 
requirements. 

* Certified (Level I) material. This is 
material that has been certified (as to its 
material and physical properties as well as 
traceability to the manufacturer) by a 
qualified certification activity. This 
material has a material and identification 
control (MIC) number assigned along with 
a certification document. 

% Controlled material. This is any material 
that must be accounted for and identified 
throughout the manufacturing or repair 
process. (See level of essentiality.) 



documents identified by a unique serial 
number which may contain detailed work 
procedures, purchase documents, receipt 
inspection reports, objective quality 
evidence, local test results, and any tags, 
papers, prints, plans, and so on, that bear 
on the work performed. This will be 
discussed later in the chapter. 

* Departure from Specification. This is a 
lack of compliance with any authoritative 
document, plan, procedure, or instruction. 
A detailed discussion will follow later in 
the chapter. 

* Documentation. This is the record of 
objective evidence establishing the requisite 
quality of the material, component, or 
work done. 

* Level of essentiality. A level of essentiality 
is a certain level of confidence required in 
the reliability of repairs made. The 
different levels of essentiality will be 
discussed later in the chapter. 

% Procedure. A procedure is a written 
instruction designed for use in production 
and repair, delineating all essential 
elements and guidance necessary to pro- 
duce acceptable and reliable products. 

Process. This is a set of actions written in 
a special sequential order by which a repair 
or maintenance action, a test, or an inspec- 
tion is done using specific guidelines, tools, 
and equipment. 

* Reliability. Reliability means the probability 
that an item will perform its intended 
function for a specified interval under 
stated conditions. 

* SUBSAFE. The acronym SUBSAFE is a 
shorthand reference to the Submarine 
Safety Program, which provides a high 
level of confidence in the material 
conditions of the hull integrity boundary. 
SUBSAFE will be discussed later in the 
chapter. 

THE CONTROLLED WORK PACKAGE 



Controlled work package. A controlled 



To provide additional assurance that a quality 



or repair, the controlled work package (CWP) was 
developed. It provides QC techniques (require- 
ments or procedures) and shows objective quality 
evidence (documentation) of adherence to specified 
quality standards. These requirements or pro- 
cedures include both external (type commander) 
and internal (command-generated) information 
for work package processing and sign-off. The 
typical CWP that will arrive at your desk will have 
QA forms, departure from specifications forms, 
material deficiency forms, production task 
control forms, and QC personnel sign-off 
requirements. You, and all the other work centers 
involved in the performance of the task, must 
review the contents of each package as well. When 
you review the package, check that the require- 
ments specified for their accomplishment are 
correct, in a correct sequence, and so on. Each 
CWP covers the entire scope of the work process 
and is able to stand on its own. Traceability from 
the work package to other certification docu- 
mentation is provided by the job control number 
(JCN). 

You must ensure that the CWP is at the job 
site during the performance of the task. If 
the work procedure requires the simultaneous 
performance of procedure steps and these steps 
are done in different locations, use the locally 
developed practices to ensure you maintain 
positive control for each step. 

Immediately after a job is completed but 
before the tended unit gets underway, each 
assigned work center and the QAO will review the 
work package documentation for completeness 
and correctness. If you and your workers have 
been doing the assigned steps as stated, this should 
not be a problem. Ensure that all the verification 
signature blocks are signed. Make sure all 
references, such as tech manuals or drawings, are 
returned to the appropriate place. 

Enclosures 

You will find a lot of documentation inside 
the CWP when it arrives at your desk. Inside will 
be process instructions, plans, prints, technical 
drawings, and instructions pertinent to the 
production job at hand. Documents listed as 
references are not intended to be included in the 
CWP but must be available when required. You 
will also find a copy of applicable portions of 
references included in the CWP. In addition, the 
4790/2R, Automated Work Request, is included 
within the CWP to provide for complete 
documentation and reference har.k to the 



originating tended unit. You will use all of the 
documentation to perform the maintenance 
action, production task, or process assigned to 
your work center. 

Revisions 

You can make minor corrections to the work 
procedure (as directed by local instructions) as 
long as they do not change the scope of the work 
being performed. However, you must initiate a 
revision when it becomes necessary to change the 
original scope of the job, such as a part not 
originally intended to be worked on. The revision 
cover sheet gives exact instructions on adding, 
deleting, or changing steps in the work sequence. 

Addendums 

Depending on the complexity of the task, it 
may be desirable to have two or more work 
centers working portions of the task concurrently. 
Planning and Estimating (P&E) will initiate an 
addendum to the original CWP. The addendum 
will include all the headings of the CWP 
references material list, safety requirements, work 
sequence, and so forth. When you complete the 
work steps, include the addendum(s) with the 
CWP. 



LEVELS OF ESSENTIALITY, 

ASSURANCE, AND CONTROL 

To provide your customers both repair quality 
and quality assurance, you as a supervisor of a 
work center or a work group in an IMA and your 
maintenance personnel must understand and 
appreciate your customers and their operational 
environment. This will require that you and your 
personnel give serious thought and consideration 
to how a system's nonperformance may endanger 
personnel safety and threaten the ship's mission 
capability. For example, you are not going to be 
aboard the submarine as it does its deep dive to 
test hull integrity (and your hull packing work). 
You must stress to your workers how system 
essentiality, in an operational environment, 
equates with mission capability and personnel 
safety. In other words, workers must understand 
how the work they perform in a maintenance or 
repair environment can seriously affect the 
operational capabilities of the tended unit as well 
as the safety of the personnel aboard the unit. This 

is where the flssicmerl levels nf essentialitv. 



assurance, and control come into play. What do 
we mean by these terms? We will discuss each in 
the following paragraphs. 

LEVELS OF ESSENTIALITY 

A number of early failures in certain 
submarine and surface ship systems were traced 
to use of the wrong material. This led to a system 
for prevention involving levels of essentiality. A 
level of essentiality is simply a range of controls 
in two broad categories representing a certain high 
degree of confidence that procurement specifica- 
tions have been met. These categories are 

1 . verification of material, and 

2. confirmation of satisfactory completion of 
tests and inspections required by the 
ordering data. 

Levels ,of essentiality are codes, assigned by 
the ship according to the QA manual, that indicate 
the degree to which the ship's system, subsystem, 
or components are necessary or indispensable in 
the performance of the ship's mission. Levels of 
essentiality also indicate the impact that 
catastrophic failure of the associated part or 
equipment would have on ship's mission capability 
and personnel safety. 

LEVELS OF ASSURANCE 

Quality assurance is divided into three levels: 
A, B, or C. Each level reflects certain quality 
verification requirements of individual fabrication 
in process or repak items. Here, verification refers 
to the total of quality of controls, tests and/or 
inspections. Level A assurance provides for 
the most stringent or restrictive verification 
techniques. This normally will require both quality 
controls and test or inspection methods. Level B 
assurance provides for adequate verification 
techniques. This normally will require limited 
quality controls and may or may not require tests 
or inspections. Level C assurance provides 
for minimum or "as necessary" verification 
techniques. This normally will require very little 
quality control or tests or inspections. 

LEVELS OF CONTROL 

Quality control may also be assigned generally 
to any of the three levels A, B, or C. Levels of 
control are the degrees of control measures 



a system, subsystem, or component. Furthermore, 
levels of control (quality control techniques) are 
the means by which we achieve levels of assurance. 
An additional category, which you will see 
when working on periscopes, is Level I. This is 
reserved for systems that require maximum 
confidence that the composition of installed 
material is correct. 

CONTROLLED MATERIAL 

Some material, as part of a product destined 
for fleet use, has to be systematically controlled 
from procurement, receipt, stowage, issue, 
fabrication, repair, and installation to ensure both 
quality and material traceability. Controlled 
material is any material you use that must be 
accounted for (controlled) and identified 
throughout the manufacturing and repair process, 
including installation, to meet the specifications 
required of the end product. Controlled material 
must be inspected by your CMPO for required 
attributes before you can use it in a system or 
component and must have inspection docu- 
mentation maintained on record. You must 
retain traceability through the repair and installa- 
tion process. It requires special marking and 
tagging for identification and separate storage to 
preclude loss of control. The RO may designate 
as controlled material any material that requires 
material traceability. 

Under this definition, controlled material has 
two meanings. The first meaning applies to 
items considered critical enough to warrant the 
label of controlled material. Your CMPOs will 
be responsible for inspecting the material when 
it is received, stowing it separately from other 
material, providing custody, and seeing that 
controlled assembly procedures are used during 
its installation. The term controlled material is 
used in reference to material either labeled 
"SUBSAFE" or classed in one of three levels of 
essentiality. (Strictly speaking, SUBSAFE is 
not a level of essentiality.) 

SUBSAFE 

To help you understand SUBSAFE, we will 
discuss a little of the background of the program. 
The Submarine Safety Program (hence the name 
SUBSAFE) was established in 1963 as a direct 
result of the loss of the USS Thresher. The 
program is two-fold, consisting of both material 
and operability requirements. It provides a high 



the hull integrity boundary and in the ability of 
the submarines to recover from control surface 
casualties and flooding. 

SUBSAFE requirements are split into five 
categories, which are devoted to 

1. piping systems, 

2. flooding control and recovery, 

3. documentation, 

4. pressure hull boundary, and 

5. government-furnished material. 

Items you as an Opticalman work on that are 
considered SUBSAFE are boundaries of a peri- 
scope, such as a head window assembly and the 
screws that hold it to the outer head, and 
stuffing boxes on an eyepiece box, such as the 
illumination control stuffing box on a Type 2D 
periscope. 

There are three SUBSAFE definitions you 
need to consider: SUBSAFE system, SUBSAFE 
boundary, and SUBSAFE material. 

SUBSAFE System 

This is any submarine system determined by 
NAVSEA to require the special material or 
operability requirements of the SUBSAFE pro- 
gram. How does it concern you? After you have 
installed and maintained a system, it must pre- 
vent flooding of the submarine, enhance recovery 
in the event of flooding, and ensure reliable ship 
control. 



SUBSAFE Boundary 

A SUBSAFE boundary marks the specific 
portion of a SUBSAFE system within which the 
stringent material or operability requirements of 
SUBSAFE apply. 



SUBSAFE Material 

Within the SUBSAFE boundary, two different 
sets of requirements apply SUBSAFE and Level 
I. What is the difference between the two? 
The difference is expressed by two words, 
certification and verification. Material certification 
pertains to the SUBSAFE program. This means 
that an item certified as SUBSAFE meets a 
certain testing or fabrication requirement and can 
be used as intended in a critical hull integrity or 



material verification pertains to the Level I 
program. An item specified as Level I has had its 
material composition tested and verified. This 
testing and verification ensures traceability from 
the material back to a lot or batch to ensure that 
its material composition complies with procure- 
ment specifications. 



DEPARTURE FROM 
SPECIFICATIONS 

Specifications are engineering requirements 
such as type of material, dimensional clearances, 
and physical arrangements, by which ship 
components are installed, tested, and maintained. 
All ships, surface and submarine, are designed 
and constructed to specific technical and physical 
requirements. As a supervisor, you must ensure 
your personnel make every effort to maintain all 
ship systems and components according to their 
required specifications. What do you do if a 
specification cannot be met? Don't panic! There 
are, on occasion, situations in which specifications 
cannot be met. In such cases, the system or 
component is controlled with a deviation from 
specification. To maintain a precise control of any 
ship's technical configuration, any deviation you 
make must be recorded and approved as a 
departure from specification. 

DEFINING A DEPARTURE 
FROM SPECIFICATION 

Plainly put, a departure from specification is 
a lack of compliance with an authoritative docu- 
ment, plan, procedure, or instruction. As a 
minimum, departures are required when the 
following situations occur: 

1. There is a lack of compliance with 
cognizant technical documents, drawings, 
or work procedures during a maintenance 
action that will not be corrected prior to 
the ship getting underway. 

2. There is a lack of compliance with 
specifications for "as found" conditions 
during maintenance action for which no 
prior action is held (such as a shipyard 
waiver) which will not be corrected prior 
to the ship getting underway. 

3. There is a lack of compliance with a 
specification discovered and no corrective 
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4. A departure from specification is not 
required for nonconforming conditions 
discovered and not caused by maintenance 
or a maintenance attempt. Specifically, for 
items that routinely fail and for which 
corrective action is planned only a CSMP 
entry is made. A departure from specifica- 
tion should not be generated. 

A SUPERVISOR'S LINK TO 
REPORTING PROCEDURES 

Why do we report and ensure that our workers 
report all departures from specifications? Is it 
because we need more paper work? You and your 
workers who perform maintenance have an 
obligation to perform every repair according to 
specifications. When a departure is discovered, 
it is the responsibility of the person(s) finding it 
to report it. However, since you cannot be 
everywhere, how can you make sure your workers 
report the departure? As you will see, your 
supervisory role plays a big part in ensuring that 
workers do not fail to comply. 

There are several causes for workers failing 
to report departures from specifications. Some 
workers feel that specifications are only objectives, 
rather than minimum requirements for accept- 
ability. You must stress to all of your workers 
that any deviation from specifications must be 
recorded, reviewed, and approved by the proper 
authority. Another cause, which has a direct link 
to supervisors, is lack of adequate inspection, 
quality control, and management of the process 
for determining compliance with specifications. 
Sometimes workers simply do not understand the 
specification requirements. Do they really under- 
stand what is expected on the job? Another cause 
is a lack of training in the skills necessary to meet 
specifications. Do you have the right person on 
the job? Was the job a rush job? A lack of time 
for adequate planning and parts procurement, 
thereby requiring an emergency temporary repair 
in lieu of a permanent repair, is another direct 
cause for workers failing to comply with specifica- 
tions. From this discussion, you can see the role 
you as a supervisor play during this all-important 
process. 

TYPES OF DEPARTURES 
FROM SPECIFICATIONS 

There are two types of departures which 
affect you and the reporting procedures major 



and minor. We will briefly discuss each of them 
in the following paragraphs. 

Major Departure from Specifications 

A major departure from specifications is any 
departure from specifications that affects the 
reliability of the ship's control systems, watertight 
integrity, or personnel safety. Major departures 
from specifications require approval from higher 
authority. If you have a departure from specifica- 
tions that falls into any of the following 
categories, consider it a major departure: 

1. Any departure that directly involves the 
safety of the ship or personnel 

2. Any departure that reduces the integrity or 
operability of equipment essential to the 
ship's mission (for example, installation of 
parts that do not meet all applicable 
material certification requirements) 

3. Failure to complete any required retest 
of a component or subsystem that, if 
defective, could cause flooding 

4. Any nonconformance to plan specifica- 
tions resulting in a change of configuration 
considered to be a permanent repair 

5 . Failure to meet all applicable standards for 
major repairs unless other alternatives are 
authorized by the QA manual (in other 
words, failed strength test) 

Minor Departure from Specifications 

This includes all departures that are not 
determined to be major. Minor departures may 
be permanent or temporary and are approved by 
the RO. 

REPORTING PROCEDURES 

Who reports a departure from specification? 
Do you as the supervisor? Only if you are the one 
finding or causing the departure. As stated in the 
QA manual, the person discovering or causing the 
departure must initiate the departure from 
specification. However, does this mean that each 
time we cause a departure we immediately start 
the paper work? No! The originator must ensure 
that the departure is identified during fabrication, 
testing, or inspection of the completed work. He 
or she must make every effort to correct each 
deficiency prior to initiating the departure request. 
Work must not continue until the deficiency is 
corrected or the departure request is approved. 

Now that we have identified a departure, 
what do we do with it? We go back to 
the originator. He or she must ensure that 
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QA FORM 12 

DEPARTURE FROM SPECIFICATION REPORT 



DEPARTURE NO 



QUALITY ASSURANCE OFFICER/IMA REPAIR DUTY OFFICER/SHIP'S DUTY OFFICER 
(IMA/SS _-_ ) 



DEPARTURE TYPE 
D MAJOR D 



D 8 



SYSTEU/COMPONENT/LOCATION 



NAVSEA DRAWING NUMBER/PLAN NUMBER/PIECE NUMBER 



TAB/SIB/SSC8/REFERENCE 



9LE SPECIFICATIONS 



SITUATION/DEGREE OF NON-COMPLIANCE 



COMMENTS/RECOMMENDATIONS (Te*t conducted ftoct*d ytnn, etc. I 



DATE ANSWER REQUESTED BY 



SUBMITTED BY (Signature) 



QUALITY ASSURANCE OFFICER <IMA/SS_ 
IMA REPAIR DUTY OFFICER 
SHIP'S DUTY OFFICER 



FROM REPAIR OFFtCERVCDO/ENQINEER 

TO: COMSUBRON - 



MATERIAL OFFICER/SHIP'S CO (Minor C nd only) 



ir Otttatr/CDO/Englnaw) 



FROM: COMSUBRON . 



_ MATERIAL OFFICER/SHIP'S CO (Minor C and D only) 



TO: QUALITY ASSURANCE OFFICER/IMA REPAIR DUTY OFFICER/SHIP'S DUTY OFFICER 

VIA- REPAIR OFFICER/CDO/ENOINEER 



TYCOM DEPARTURE NO. 



SIGNATURE 
COMSUBRON _ 



_ MATERIAL OFFICER/SHIPS CO (Minor C and D only) 



Figure 2-1. QA Form 12, Departure from Specification Report. 



QA Form 12 (fig. 2-1) is properly filled out and 
forwarded via the chain of command to the QAO. 

The originator must also retain a copy of the 
prepared departure request until he or she receives 
the returned copy from the QAO indicating that 
all actions concerning the departure have been 
completed (approved or disapproved). 

Make sure that the originator has an approved 
copy of the departure request accompanying the 
completed work and that the original copy is 
retained in the CWP. 

QA FORMS AND RECORDS 

the following are the titles and descriptions 



A rule to remember when using these forms is that 
all QA forms must be completed and signed in 
the proper sequence. 

QA FORM 1, THE MATERIAL 
RECEIPT CONTROL RECORD 

This record (fig. 2-2) is used by the CMPO 
to document the proper receipt and inspection of 
items that have been designated as controlled 
materials. 

QA FORM 2, MATERIAL 
IN-PROCESS CONTROL TAG 

This tag (fig. 2-3) is attached by supply, 





LEVEL MIC NO /ID NO 


REO NUMBER 


JULIAN DATE nuMBEn RECEIVED 


NSN 


VENDOR'S MARK 


CD YES D N0 


(SIGNATURE AND DATE) 


INSPECTION REQUIRED 


ENTER APPROP CODE 


PT RT 


UT VIS CHEW PHYS SPOT CHECK HDNS DIMEN 


X - RECORDS REQUIRED 
- RECORDS NOT RECTO 






INSPECTION RESULTS/REMARKS AND SIGNATURE AND DATE 

"The person designated to sign (or an action verifies. 




based on personal observation, and certifies by his 


V 


signature that the action has actually been performed 




In accordance with the specified requirements " 


DISPOSITION 


UPGRADED 


Q ACCEPT Q REJECT 


O ss O LI Q NUCLI n NUCLW [j| OTHER 


DOWNGRADE 


SIGNATURE AND DATE 


Q GENERAL STOCK 


D REJECT TO SOURCE 



MATERIAL RECEIPT CONTROL RECORD 



SUBGEN OA FORM 43S&/1 (REV 7/RSl S/N O 



Figure 2-2. QA Form 1, Material Receipt Control Record. 




CONTROLLED MATERIAL SN PROCESS 
CONTROL TAG 



1. MIC NO. 



2. MAT'L LEVEL 

D LI DNUCLI DNUCLIIS 

D MSL-SPEC OTHER ...... _ 



3. MATL DESCRIPTION 



4. NSN 



ISSUED FORJ.O. 



UIC 



we 



CAUTION 

ATTACHED MATERIAL 
REQUIRES SPECIAL 

HANDLING AND 
PROCESS CONTROL 



SURFGEN QA FORM 9000/2 (1/79) 
S/N Oll-LF- 890-9005 




SURFGEN QA FORM 9DW/2 (1/79) (Back) 

IN PROCESS CONTROL AND FINAL ACC. 



5. WC NO.- 
REMARKS.. 



DATE- 



QC INSPECTOR 



6. WC NO._ 
REMARKS- 



QC INSPECTOR 



7. WC N0_ 
REMARKS. 



DATE- 



QC INSPECTOR 



8. INSTALLATION & FINAL ACCEPTANCE 
REMARKS DATE 



NOT INSPECTOR- 



QC INSPECTOR- 



(WHEN REQUIRED) SHIP INSPECTOR 

USE SURFCEN QA FORM 9090/5 FOR SUPPLEMENT 



FRONT BACK 

Figure 2-3. QA Form 2, Material In-Process Control Tag. 



of accepted controlled material from receipt 
inspection through final acceptance. 



QA FORM 3, MATERIAL REJECT TAG 

Shop personnel, supply, or QA personnel 
will attach this tag (fig. 2-4) to rejected 
items. The individual finding or causing the 
unacceptable condition attaches the tag to 
the rejected item. The tag indicates that 
material is unacceptable for production work 
and must be replaced or reinspected before 
use. 



QA FORM 4, SHIP-TO-SHOP TAG 

This tag (fig. 2-5) is used to identify and 
control material to be repaired. You attach the 
tag to the item to be repaired. It is a good idea 
to stamp the three sections of the tag with a 
control number and log it in your shop log (as 
described in chapter 1). 

QA FORM 7, CONTROLLED 
MATERIAL INVENTORY/RECORD 

This form (fig. 2-6) is used by your CMPO 
to provide a standard inventory record of 
controlled material received and issued. 




PARTI 



CONTROLLED MATERIAL 
REJECT TAG 

SURFOEN QA FORM 9090/3 (1/79) 
S/N OU6-LF.890-9010 



.Of 



1. MIC/10 NUMBER 



n 



n 



MIL-SPEC 



OTHER 



2. REASON 



8. FINAL DISPOSITION BY QA 



A. ACCEPT AS: 



B. DOWNGRADE TO: 



C. RETURN TO SOURCE 



4. REMARKS 



Qj*QFF.APPROVD> 



PART II 

QA DISPOSITION REQUEST 

3. MIC NO. 



-Of. 



LOCATION 



THE SUPPLY DEPARTMENT/SHOP QC INSPECTOR IS HOLDING 
THE FOLLOWING MATERIAL IN A REJECTED STATUS. THIS 
MATERIAL 1$ OF A CRITICAL NATURE AND FINAL DISPOSITION 
EVALUATION IS REQUIRED. 



REASON 

6. NOMENCLATURE 



DATE 



REQUESTED BY 



Figure 2-4.- QA Form 3, Material Reject Tag. 



PART I 

TAG N0._ 



o 



SHIP TO SHOP TAG 

D NUC LI D NUC Ull D SS D LI I 
FROM USS HULL NO. _ 

EQUIP TYPE _ .._ _._ 

SER NO. .____________ MIC NO 

DEL. TO SHOP 8Y DATI 

RCVD IN SHOP BY (QA INSP) . . . 

REC NO. (FOP SS ONLY) 



READY FOR PICKUP TAG 



TAG NO. . 
JCN 



EQUIP DISCP 

MIC NO. ... 
SHOP REP SIQ_ 



PRESENT THIS TAG WHEN CALLING FOR MATERIAL 



TAG NO. . 

JCN 



MATERIAL RECEIPT TAG 
SHOP 

..-._ DATE 



RCVD IN SHOP BY (QA INSP) , 
DEL. TO SHOP BY 



SHOPS ENGINEER SHALL RETAIN THIS TAG AS A 
RECEIPT FOR MATERIAL DELIVERED TO SHOP 
UBGEN QA FORM 4355/4 (7-85) 
S/N 0113-LF.043-S521 



o 



PART IV 

SUBGEN QA FORM 4355/4 (.7-St) (.BACK) 

CAUTION 

THIS MATERIAL REQUIRES 

SPECIAL HANDLING AND 

PROCESS CONTROL 

(WORK/TESTS PERFORMED) 



WC QA INSP SIGN __-. 

SHIP QA INSP SIGN 

USE QA FORM 5 OR QA FORM 6 FOR SUPPLEMENT 



Figure 2-5. QA Form 4, Ship-to-Shop Tag. 





SHIP 


JSN 




DESCRIPTION OF MATERIAL 


JOB TITLE 


MIC ''SERIAL NO. 


DWG. NO. PART NO. 


MIL SPEC 


SIZE 


WORK CENTER DATE 


NSN/COG 


LOCATION 


AMOUNT REC. REQ. NO. 


DATE 


UIC 


WC 


JSN 


SYSTEM 


AMT. USED 


AMT. ON HAND 


SIGNATURE 


































































































































REMARKS 
SUBMIT TO QA WHEN ITEM II 

CONTROLLED MATERIAL INVENTORY/RECORD SUBGEN QA 


t EXPENDED 


5 





Figure 2-6. QA Form 7, Controlled Material Inventory/Record. 
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QA FORM 9, RE-ENTRY 
CONTROL FORM 

This form (fig. 2-7) is used to document 
re-entry into a SUBSAFE boundary and is used 
in a controlled work procedure. 

QA FORM 10, RE-ENTRY 
CONTROL FORMS 

You will need two re-entry QA forms (fig. 
2-7 A through 2-7E) for each job. You will 
complete one QA Form 10 for pulling and 
reinstalling a periscope from a submarine and 
another QA Form 10 for disassembling and 



reassembling the periscope. The QA Form 10 may 
consist of more than one page. 

The QA Form 10 you must complete when you 
remove a periscope is shown in figure 2-7A. 
It consists of four basic sections. The first 
is the reference section. This is the list of 
publications that tell you how to complete the 
job. It includes safety and testing procedures. 
In the second section you will find a listing 
of notes that call attention to specific safety 
factors and procedures that will require your 
extra attention. Note 5 in figure 2-7 A contains a 
space where you list the steps necessary to rework 
any part of a job that fails to pass a particular 
test. The third section lists all of the enclosures 



QA FORM 9 



SUBSAFE RE-ENTRY CONTROL FORM 



4. ASSOCIATED REC(s) 



8. ORGANIZATION 



. SYSTEM RE- ENTERED 



I. RE-ENTRY LOCATION 



. COMPONNT() 



WORK DESCRIPTION INCLUDING BOUNDARIES 



0. J!D MAP/DWQ WITH REV 



V WORK TO BE PERFORM ED AND WORK REFERENCE DOCUMENTS. 



X APPLICABLE JOINT NO<i) . OR IF NOT SUPPLIED. SPECIFIC BOUNDARIES. 



APPROVAL FOR CONTROLLED RE-ENTRY 



(A) 



,3. PRIME APPROVAL SIGNATURE 



LEGIBLY PANTED. TYPED OR STAMPED NAME 



VKRIF1CA TJON AND CERTIFJCA 770W 



14. SUPPORTING DOCUMENTATION 



^VERIFICATION OF WORK COMPLETION 



(B) 



HE PRODUCTION WORK DESCRIBED BY TH REC MAS BEEN ACCOM PUSHED IN ACCORDANCE WTTH THE SPECIFIED 
INSTRUCTIONS AND THE REQUIRED DOCUMENTATION LOTTED 104 BLOCK 14 HAS BEEN COMPLETED, REVIEWED AND IS 
CORRECT. 

IS. APPROVAL SIGNATURE LKfflLY PJWTSD, TYWBJ O* STAMP NAME DATE 



J_ 



I 



CERTIFICATION OF DOCUMENTATION OF PRODUCTION WORK 



ALL DOCUMENTATION AND Cf RTWCATION FOft PRODUCTION WORK 3PSC3RIt> M BLOCK. 14 HAVt BEB4 COMPLETED. 
THE DOCUMENTATION HAS BEEN IWlffWtB TOR ACCURACY AMO OOUPUrmina. 

It. APPROVAL SOMATUftt . UOSSSLY PWNTB). 7YP8D OR STAMPfD MAMf DATE 



CgRTIFtCATlON OF TESTING RESULTS 
tatCHAB BEEN COMPLCTEO. THE TEST DOCUMENT 



TUB TI9T1NCI BWOKBD FOfl THA JUEC HAB BEEN COMPUTTEDL THE TEST DOCUMENT* ATtOM SPfanfiC W S4.OCX14 HAS 
BEENftBVlEWEO fOUAOOOMfff ANDCOHPLETIMBM tY TOE COOHt^HTTlCMNiaU. AUTHORITY. 

17. APPROVAL StONATUmi LKM8LY PRKTID, TYPED OR STAMPED NAME DATS 



FINAL REC CLOSEOUT CERTlFtCATION 



AU CEimnCATKMIB JIEL^TID TO TH REC HAVE BEEN fUEVI^^ 
COUPLET!. 1 CERTIFY 7MB RE-ENTRY CLDBia 

UPRMf APPROVAL SJOHATUM LEGIBLY PRWTtO. TYP1O OH BTAMPSD NAMHt SATE 

I t 

!.SWTO COMMANDING CW^SiaWTUAE UOWLY PWNTiD. TYPED OR fTAMPEO NAM! -. 



f\ A !?. 



that are combined with the QA Form 10 to make requires one or more signature in addition to the 
up the QA package. time and date when each step was completed. 

Some steps require the signature of the senior 

In section 4 of the QA Form 10 (fig. 2-7B Opticalman you have assigned to the job. Other 
through fig. 2-7E) you will find all the steps steps require the additional signature of your shop 
required for you to complete the job. Each step QA inspector. 



HULL NO.. 

RE-ENTRY CONTROL SUPPLEMENT SHEET REC. N0._ 

SUBGEN QA FORM 4355 NO. 10 REV. NO.* 



PAGE OF 



REFERENCES ; 

A. C. S.L.I. 5101. 2D TAG-OUT 

B. OPNAV 5100.19 SAFETY AFLOAT 

C. NAVSUBSUPPFACNLONINST 5100.6A SAIL SAFETY 

D. NSSF INSTRUCTION 5100.1 NSSF SAFETY MANUAL 

E. NAVPERS 16165 CH2 TECH MANUAL 

F. NAVSEA 0900-LP-091-6010 TORQUE MANUAL 

G. NAVSEA TECH NOTE 9290-1-75 ALT. TEST METHODS 

H. NAVSEA 0900-LP-021-5030 MECHANICAL MEASUREMENTS ON SCOPES 

I. 

J. 

K. 

NOTES : 

1. ALL HOISTING CLAMPS WILL BE RED TAGGED OUT IAW REF A. 

2. THE REQUIREMENT OF REF C WILL BE STRICTLY ADHERED TO. 

3. IF REQUIRED SCOPE MAY BE PLACED ON HYDRAULICS AT ANY TIME DURING THE PROCEDURE. 

A. TORQUE HULL GLAND NUTS TO THE REQUIRED TORQUE BY TORQUEING THE NUTS IN 20LBS 
INCREMENTS. 

5 

. NOTE: STEPS WHICH MAY REQUIRE REWORK ARE THRU . ALL 

REWORK STEPS MUST BE ACCOMPLISHED IN ACCORDANCE WITH QUALITY ASSURANCE DIRECTIVE 009. 
(7 JUNE 82) 

ENCLOSURES : 

A. RAISE AND LOWER TIME OF 2# SCOPE BEFORE REPACK, QA FORM 17. 

B. BREAK AWAY TORQUE OF 2# SCOPE BEFORE REPACK, QA FORM 17. 

C. CLEAN INSPECT AND MEASURE THE DEPTH OF HULL GLAND ON #2 SCOPE, QA FORM 17. 

D. CONTROLLED TORQUE OF HULL GLANlf NUTS, QA FORM 34 

E. PERFORM A 12 PSI AIR TIGHTNESS TEST OR USE AW ALTERNATE TEST METHOD, QA FORM 17A, 

F. RAISE AND LOWER TIME OF #2 PERISCOPE AFTER REPACK, QA FORM 17. 

G. BREAK AWAY TORQUE OF #2 PERISCOPE AFTER REPACK QA FORM 17. 



COPY TO: 

REC.HO. 



Figure 2-7A. QA Form 10, Re-entry Control Supplement Sheet, part 1. 
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HULL NO... 

RE-ENTRY CONTROL SUPPLEMENT SHEET REC. NO. 

SUBGEN QA FORM 4355 NO. 10 REV, NO-" 



PAGE OF 



S/F AND 35A WILL RAISE AND LOWER 92 PERISCOPE, AND TAKE TIME READINGS ON HUW LUNG IT 
TAKES PERISCOPE TO RAISE AND LOWER. IAW REF H DOCUMENT ON QA FORM 17, SEE ENCL A. 



S/F PERFORMED BY _ TIME 



35A PERFORMED BY _ TIME _ DATE 



35A QA INSPECTOR TIME DATE_ 



2. S/F AND 35A WILL RAISE #2 PERISCOPE AND CONDUCT BREAKAWAY TORQUE, RECORD ON QA FORM 
17 SEE ENCL B. 

S/F PERFORMED BY TIME DATE 

35A PERFORMED BY TIME DATE 



3. S/F AND 35A WILL DE-ENERGIZE ALL ELECTRICAL CIRCUITS TO THE #2 PERISCOPE AND DANGER 
TAG ALL SWITCHES. IAW REF A THRU D. 



TIME DATE 



35A TIME DATE 



4. S/F AND 35A WILL DANGER TAG ALL ELECTRICAL ANTENNA'S IN THE SAIL EXCEPT THE #2 
PERISCOPE. IAW WITH REF A THRU D. 

S/F PERFORMED BY TIME DATE 



35A PERFORMED BY TIME DATE 



5. S/F WILL RAISE #2 SCOPE TO 35A MARK. 35A WILL PROCEED TO CLAMP IAW REF C. 
S/F TIME DATE 



35A PERFORMED BY TIME DATE 



35A QA INSPECTED BY TIME DATE 



6. 35 A WILL CLAMP OFF SCOPE AND RED TAG CLAMPS, IAW WITH REF A THRU E. THEN 35 A WILL 
LOOSEN YOKE RETAINER, IAW REF A THRU E AND 35A WILL LOWER EYE BOX AWAY FROM YOKE 
SCOPE AND PLACE ON E&E BARS IAW B THRU E. 

35A PERFORMED TIME DATE 



7. S/F WILL LOWER HYDRAULICS IAW REF C. 35A WILL POSITION HOOK AND STRAPS OVER 
SCOPE ATTACH STRAPS TO CLAMP AND CONTINUE TO PULL SCOPE OUT OF SAIL IAW REF C 
AND F. 
S/F TIME DATE 

35A PERFORMED BY TIME DATE 



35A QA INSPECTED BY TIME DATE 



COPY TO: 

REC. HO. REV 



Figure 2-7B.QA Form 10, Re-entry Control Supplement Sheet, part 2. 
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RE-ENTRY CONTROL SUPPLEMENT SHEET 
SUBGEN QA FORM 4355 NO. 10 



HULL NO. 

REC. NO." 
REV. NO." 
FACE 



OF 



8. 35A WILL HOIST SCOPE OVER TO PIER AND LOWER AND SLIDE ON TOP OF THE DOLLY, 
CONTINUED SCOPE RESTS ON PIER BLOCKS. IAW REF C AND I REMOVE TAIL DOLLY AND 
CLAMPS. 



35A PERFORMED BY 



TIME 



DATE 



9. 35A WILL PICK UP SCOPE AND LOAD ONTO TRUCK, 35 A WILL TRANSPORT THE SCOPE TO 
THE OPTICAL SHOP IAW REF C. AND TAGOUT WITH QA FORMS A AND 5. 



35A PERFORMED BY 



TIME 



DATE 



35A QA INSPECTED BY 



TIME 



DATE 



10. 35 A WILL REMOVE HULL PACKING AND MEASURE THE DEPTH OF THE HULL GLAND AND 

DOCUMENT ON QA FORM 34. HULL PACKING WILL BE CLEANED INSPECTED AND STORED IN 
THE OPTICAL SHOPS CONTROLLED MATERIAL LOCKER IAW REF C. 



35A PERFORMED BY 



TIME 



DATE 



35A QA INSPECTED BY_ 



TIME 



DATE 



11. 35 A WILL TRANSPORT HULL GLANND PACKING AND #2 PERISCOPE TO THE OPTICAL SHOP. 
35A PERFORMED BY TIME DATE 



12. 35A WILL TRANSPORT HULL GLAND PACKING AND #2 PERISCOPE TO THE 
INSTALLING IN #2 HULL GLAND. 



FOR 



35A PERFORMED BY 



TIME 



DATE 



13. S/F AND 35A WILL RECHECK STEPS 3 AND 4 IAW REF A THRU D. 
S/F PERFORMED BY TIME 



DATE 



35A 35A PERFORMED BY 



TIME 



DATE 



14. 35A WILL HOIST SCOPE OVER SAIL AND ALIGN WITH HOLE AND SLOWLY LOWER SCOPE 
UNTIL IT RESTS ON THE HOISTING CLAMPS IAW REF C. 



35A PERFORMED BY 



TIME 



DATE 



35A QA INSPECTED BY 



TIME 



DATE 



15. 35A WILL INSTALL HULL GLAND PACKING IN THE PENETRATION # 2-059-0001P, I AW REF 1, H, 
AND K. DOCUMENT THE CONTROLLED ASSEMBLY ON QA FORM 34. HULL GLAND NUTS WILL BE 
TORQUED TO 22 FT/LBS IAW REF F AND K. 



35A PERFORMED BY 



TIME 



DATE 



35 A QA PERFORMED BY 
93B PERFORMED BY 



TIME 



DATE 



TIME 



DATE 



COPY TO: 



REC. NO. 



REV 



Figure 2-7C.QA Form 10, Re-entry Control Supplement Sheet, part 3. 
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HULL NO.. 

RE-ENTRY CONTROL SUPPLEMENT SHEET REC. NO. 

SUBGEN QA FORM 4355 NO. 10 REV. NO." 



PAGE OF 



16. 35A WILL DELIVER QA 17A TO SHIP 'DUTY OFFICER. 

35A PERFORMED BY TIME DATE__ 



17. SHOP 35A WILL DELIVER THE WORK PACKAGE AND SUPPORTING DOCUMENTATION TO SHOP 
93B FOR PRELIMINARY REVIEW. 



35A PERF BY TIME__ DATE 



93B PERF BY TIME DATE_ 

18. 35A WILL DELIVER QA 17A TO SHIP DUTY OFFICER. 

SDO TIME DATE 



S/F WILL PERFORM A 12 PSI AIR TIGHTNESS TEST OR THE USE OF ONE ALTERNATE TEST METHODS 
PER NAVSEA TECH NOTE 9290-1-75. DOCUMENT ON QA FORM 17 IAW REF E. 

S/F PERFORMED BY TIME DATE 



35A PERFORMED BY TIME DATE 



35A QA PERF BY TIME DATE 



19. 35A WILL INSPECT SPLIT RINGS, S/F WILL RAISE YOKE TO ENGAGE SPLIT RINGS WITH REFS B 
AND C. 

35A PERFORMED BY TIME DATE 



35A QA INSPECTED BY TIME DATE 

20. 35A WILL REMOVE CLAMPS IAW REF C 

35A PERFORMED BY TIME DATE 



21. S/F AND 35A WILL CLEAR ALL DANGER TAGS RELATED TO THIS JOB IAW REF A, B AND G. 

S/F PERFORMED BY TIME DATE 

35 A PERFORMED BY TIME DATE 



22. S/F AND 35A WILL RAISE AND LOWER SCOPE AND TAKE TIME READINGS ON HOW LONG IT TAKES 
SCOPE TO RAISE IAW REF G. DOCUMENT ON QA FORM 17. 

S/F PERF BY TIME DATE 



35A PERF BY TIME DATE 



35A QA PERF BY TIME DATE 



COPY TO: 

REC. HO. 



Figure 2-7D. QA Form 10, Re-entry Control Supplement Sheet, part 4. 
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HULL NO. 

RE-ENTRY CONTROL SUPPLEMENT SHEET REC. NO. 

SUBGEN QA FORM 4355 NO. 10 REv! NO-'" 



PAGE OF 



DOCUMENT ON QA JFORM 17. 

S/F PERF BY TIME \ DATE 

35A PERF BY TIME DATE 



35A QA PERF BY TIME DATE_ 

24. S/F WILL SUBMIT A DEPARTURE FOR A CONTROLLED DIVE. 

s / F TIME DATE 

DFS SERIAL # 



COPY TO: 

REC.HO. 



Figure 2-7E. QA Form 10, Re-entry Control Supplement Sheet, part 5. 
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QA FORM 17, TEST AND INSPECTION 
FORM OTHER THAN NDT 

QA Form 17 (fig. 2-8) lists all the tests and 
inspections that must be performed at each step. 
A QA Form 17 must be completed and signed off 
before any step can be signed off on the QA Form 
10. 

QA FORM 34, TORQUE/ 
CONTROLLED ASSEMBLY REPORT 

This form (fig. 2-9) consists of two enclosures: 
the torque sequence sketch and a QA Form 17 
(fig. 2-8) listing all of the required torque 
readings. 



SUMMARY 

The QA concept involves preventing the 
occurrence of defects. Quality assurance covers 
all events from the start of a maintenance action 
to its completion and is the responsibility of all 
maintenance personnel. In addition, organization 
of your work spaces, your ways of storing parts, 
and your relationships with the SKs all affect the 
quality of your product. 

By carefully following the methods and 
procedures outlined in your QA program manuals 
and by paying careful attention to the quality of 
work in your area, you will contribute greatly to 
the operational effectiveness of the your ship as 
well as tended units. 



MISCELLANEOUS INSPECTION REPORT 
OTHER THAN NDT OR HYDRO 



QA LOG NO. 



JCN 



WORK CENTER 



DATE 



SHIP 



SYSTEM 



COMPONENT 



JOB DESCRIPTION 



TYPE OF INSPECTION 



OWG NO. 



SKETCH 



REMARKS 



FINAL DISPOSITION 

ACC./REJ. 



WORK CENTER QCi 



DATE 



SURriEK 9A MM/17 (REV 7-M] 



Figure 2-8. QA Form 17, Test and Inspection Form Other than NDT. 
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TORQUE/CONTROLLED ASSEMBLY REPORT 

SUBOCN QA POSM 4588 34 



DATE 



SHIP 

uss 


JCN I REC 


LWC 
35A 


SYSTEM JOINT 
HULL GLAND 


FASTENER MATERIAL 

IN 1 ^U AJj 


SI2E 5 5/8 UNC T ^fijD BODY BOUND R &0-4457251 REV P 


d NEW CD REUSED 


INSPECTION REF 
SSN-400-4457251 REV P 


TORQUE REQUIRED 
61 FT/LB 


REF 
NAVSEA 0900-LP-091-6010 



ITEM TORQUE: BODY BOUND STUDS/NUT TO STUD/ OTHER NI-CU-AL 
STUD ENGAGEMENT IN BODY 



BODY MATERIAL 



.(CIRCLE ONE) 



TORQUE SEQUENCE SKETCH 
JOINT- 


INSTALLATION PROC 
SSN-400-4457251 REV 


P 


ANTI-SIEZEMATERIAL 


SEALING COMPOUND 


TORQUE DEVICE RANAGE /SERIAL 


NO. 


CAL DUE DATE 


RUNNING l$gQ$ FORM 17 


F.NAL TORg^ fl.^ ^unn,n< 


3 Torque) 


THREAD PROTRUSION 



PARTS REPAIRED 



N/A 



GASKET/O-RING DATA 



SPECIFICATIONS 



REF 



NSN 



LOCKWIRED IAW 



MICROMETER SERIAL NO 



OTHER PARTS REPLACED 



REF 



SEALING SURFACE FINISH IAW 
SSN-400-4457251 REV P 



REASSEMBLY COMPLETED IAW 
SSN-400-4457251 REV P 



BLUE CHECK RESULTS 



REMARKS 

QA SUPERVISOR: 



DATE 



QA SUPERVISOR 



PERFORMED DATE 



QA INSP WITNLSSED/DATE 



Figure 2-9. QA Form 34, Torque/Controlled Assembly Report. 
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CHAPTER 3 



OPTICAL ALIGNMENT 



This chapter concerns equipment that is 
normally carried in optical shops and that you, 
as an OM1 or OMC, are required to use in the 
alignment of optical instruments. Because new 
instruments require alignment, you, as a senior 
Opticalman, may have to adapt your alignment 
equipment to these requirements. You may even 
have to develop new procedures to effectively 
align an optical instrument with the equipment 
you have available. 

The process of optical alignment and 
collimation fall into the category of repair work 
known as calibration. Calibration is the process 
of comparing a test instrument to a known or 
fixed standard. The accuracy of your alignment 
will be restricted, to a point, by the accuracy of 
your standard, the collimator. Therefore, since 
your collimator serves as a reference device, it 
should be calibrated periodically to ensure its 
accuracy. According to the Metrology Require- 
ments List, NAVAIR 17-35 MTL-1, optical 
alignment equipment should be calibrated at least 
every 12 months. 

In this chapter you will be introduced to the 
various equipment used in optical tooling. Once 
you understand the basics of this equipment and 
how the equipment is used, you will have little 
trouble setting it up and making alignments within 
close tolerances. 



OPTICAL TOOLING 

It has been stated many times that man's 
technical progress, and hence the progress of our 
community, is tied directly to the progress of our 
ability to measure. A vivid example of this 
dependency has been illustrated by the techno- 
logical advancements made possible during the 
last few decades with the implementation of 
optical tooling in production and assembly 
plants. A major advancement in measuring was 
the widely accepted use of optical instruments 



rather than mechanical instruments to take 
measurements. 

Optical instruments had long been used by 
astronomers, surveyors, and photographers. 
However, until a few decades ago, optical 
instruments, with the exception of optical aids on 
linear measurement devices, found little use in 
production and assembly shops. Today, precision 
optical measuring instruments, which we wiU refer 
to as optical tooling, are common and necessary 
tools in the optical shop and at the installation 
site. 

Optical tooling provides much greater accuracy 
in taking dimensional measurements. (The basic 
objective of taking dimensional measurements is 
to assure that a product has the geometrical 
features required by design specifications and 
production drawings.) Instead of measuring 
between two points on the work as is done for 
linear measurements, points, lines, and planes are 
established in, or near, the work by line-of-sight 
methods. Measurements of the work are then 
made with respect to these points, lines, and 
planes. Optical tooling also provides a very 
practical application of geometry to measurement 
taking by allowing the measuring of angles and 
plane surfaces. Collimators, transits, telescopes, 
and theodolites are optical tooling instruments as 
they all perform measurements by the use of line- 
of-sight techniques. 

Optical tooling has been accepted in a wide 
variety of industries. Its use began in the aviation 
field to hold tolerances that were normally 
considered impossible, but necessary, for the 
higher speed of aircraft at the end of World War 
II. More recently, optics have moved into nuclear 
energy, missile manufacturing and launching, and 
now into shipbuilding. They are the most 
economical and accurate means of measuring sizes 
beyond the mechanical limits of surface plates, 
height gauges, mechanical squares, and so forth. 

Because of their sizes and high speed, modern 
machines require very accurate alignment. They 
are designed and built around optical lines of sight 
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Figure 3-1. Line of sight concept. 



and involve tolerances that are measured in 
thousandths of an inch to reduce mechanical 
errors. Optical tooling allows you to establish an 
optical reference line parallel to one axis of the 
object being worked on and then establish optical 
planes at right angles to the basic reference line. 
You can quickly and precisely set these references 
with errors in positioning and alignment held to 
less than 0.001 inch. Since you can establish 
optical lines of sight in all three planes, you can 
develop a coordinate system of measurements to 
establish definite locations in either horizontal or 
vertical planes, with angular accuracies of 1 to 2 
seconds and linear accuracies of 0.002 to 0.006 
inches in 100 feet. 

Once you establish the line of sight, you can 
move it sideways or up or down, either parallel 
to the original position or swept with horizontal 
and vertical planes passing through it. 



BASIC OPTICAL TOOLING CONCEPT 

The basic concept of optical tooling is a 
simple geometric axiom two points establish a 
line. There are many lines that pass through each 
point (up, down, sideways, and so on). However, 
there is one, and only one, line that passes through 



aennea oy me iirst two pumij>. n 
is said to be collinear or, as more commonly 
expressed, the third point lines up or is in line 
If the third point does not fall on the line, it ii 
noncollinear or out of line. 

Optical tooling instruments require only on< 
point external to the lens to establish a line. Th< 
center of the lens of the instrument is always th< 
primary reference point. When we look at { 
distant object, a line of sight is establishet 
between that object and the center of our eyes 
Almost without exception, this line of sight i 
along the principal axis of the eye. The principa 
axis is defined by a line that passes through th 
center of the lens and is directed in the directioi 
in which the lens is pointed or aimed. This basi 
concept is illustrated in figure 3-1. 

Let's use our eye as an example as illustrate< 
in figure 3-1 and say we are "looking at point B. J 
The line defined by points O and B is th 
principal axis of our eyes and therefore is the lin 
of sight. There are two other lines between ou 
eye and objects as shown in figure 3-1 . These ar 
line OA and line OC. These lines are not in th 
direction in which our eye is pointing and, hence 
do not constitute lines of sight. Lines OA and O( 
may have the same significance as line OB i: 
geometry; but, as far as the optical instrumei] 
(our eye) is concerned, they are not as importan 
as line OB. 

There is one further requirement of a line c 
sight used in optical tooling. The line of sight muj 
be directed in the direction of the measurement 
To determine if a row of marchers in a parad 
form a line, you must direct your line of sigt 
along the row of marchers. In figure 3-2 onl 
observer B can determine the alignment of the ro 1 
of marchers shown, as he is the only observe 
whose line of sight is directed along the row c 
marchers. 



MARCHERS 



Figure 3-2. Alignment of the line of sight. 
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Figure 3-3. Reference lines. 




Figure 3-4. Spherical mount. 



Confused? Look at figure 3-3. We have illustrated 
these lines for you. You can see that the primary 
point is the center of the optical measuring 
instrument. 

You can locate a given point on the work by 
measuring its coordinates along these reference 
lines. You can also align surfaces parallel, 
perpendicular, or inclined to any of the planes 
defined by these reference lines. 



GEOMETRIC CONCEPTS OF 
OPTICAL TOOLING 

The basic objectives of optical tooling are to 
establish reference points, lines, and planes. You 
can make precision measurements to these 
references in the production or assembly of a large 
device. The first reference is the master point, 
which serves as your starting point. Although you 
do not need to know the relation of this point to 
the earth, it must be stable; that is, it must 
remain fixed while it is used. 

How you establish the master point depends 
on which of two optical tooling techniques you 
use. One technique is the attached method. If you 
use this method, you will attach the references to 
your work. The other technique is called the 
detached method. For this technique, you will use 
stands, tooling bars, and so forth, which are free 
of the work, to establish references. The detached 
method provides you the greatest flexibility and 
ease of application, but you will find that the 
attached method is more accurate. 



THE OBJECTIVE OF 
OPTICAL TOOLING 

Question: What is the objective of optical 
tooling? Answer: To establish a reference line for 
all measurements. You establish this line by 
placing the optical measuring instrument at some 
convenient location and pointing it at a second 
reference point or in a given direction. The most 
common method used to establish the line of sight 
is to ensure that the line is horizontal and is 
directed in some general direction. 

Once you establish the first line of sight, you 
generate the remaining reference lines from it. 
These are normally a vertical line passing through 
the primary point of the first line, and a second 
horizontal line perpendicular to the first line, 
which also passes through the primary point. 



Attached Method 

When you use the attached method, you 
establish the master point by placing a sphere so 
that its center is located at a known or convenient 
point. You can use either a target holder or an 
instrument (alignment telescope) holder as the 
sphere. Using a sphere allows you to revolve 
around the reference point without moving the 
point laterally. 

Note that these spheres are not complete 
spheres. They consist of spheres that have 
been sliced and drilled as shown in figure 3-4. The 
sphere size is standardized in outside diameter, 
internal bore, and width. 

Each sphere is placed in a standardized cup 
that has the same radius as the sphere. The cup 
accepts the sphere and locates its center a fixed 
distance above the base of the cup. 
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Figure 3-5. Master line using the attached method. 
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Figure 3-6. Coordinate system using the detached method. 



You will need a second reference to establish 
the reference line. The line between the master 
point and this second reference point is the master 
line. Usually this line is horizontal; however, it 
need not be. Figure 3-5 shows how to establish 
the master line using the attached method. 

Detached Method 

When you use the detached method, the 
master point, is the center of an instrument 
you have located on a stand some distance from 
your work. You establish the master point and 
master line before your work is moved into the 
production or assembly area. A horizontal 
line passing through this point in a known or 
convenient direction becomes your master line. 
In this scenario, you can establish the secondary 
point by the master line. 

You establish the second major reference line 
for either method (attached or detached) by 
using a line that passes through the master point 
perpendicular to the master line. In the detached 
method the line is vertical. In the attached method 
the line is parallel to the plane of the work. Your 



third major reference line is the line that passes 
through the master point and is perpendicular to 
both the master line and the secondary reference 
line. These three mutually perpendicular lines 
(each line is perpendicular to the others) form the 
axes of the coordinate system that you will use 
as the reference for all of your measurements. We 
have shown the detached coordinate system in 
figure 3-6. 

APPLICATION OF OPTICAL TOOLING 

Optical tooling is used to perform dimensional 
measurements over long lengths. Typically these 
lengths range from a few feet (which you will 
become acquainted with) to about 200 feet. 

Linear measuring instruments are limited to 
the range under 4 or 5 feet. The frames of longer 
linear measuring instruments would be so massive 
that transferring the lengths to the measurement 
item would be extremely difficult. Large fixtures 
were made to transfer measurements to the part. 
Not only was the measurement process very slow 
and inaccurate, but the fixtures often interfered 
with assembly. Today these fixtures have been 
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almost entirely eliminated. The only remains 
consists of tooling bars, instrument stands, and 
work stations. The basic difference between 
surveying and optical tooling is that the alignment 
telescope related accessories are not used in 
surveying; Optical tooling instruments include 
levels, transits , alignment telescopes , collimators, 
prisms, mirrors 9 and other accessories. We will 
discuss these items in later paragraphs. 

Before we continue on, let's discuss a few of 
the terms you will come across during the optical 
tooling process. 

Accuracy 

The accuracy with which a line of sight can 
be established in a sighting telescope with respect 
to a target object depends on the shape, contrast, 
and illumination of the object, the power and 
definition of the telescope, and the design of the 
telescope reticle. Optical alignment instruments 
and procedures are designed to give you accuracies 
in your work of one part in 200,000. 

Autocollimation 

This is a mode of operation to establish 
squareness with a mirror, which reflects the light 
projected through the telescope reticle. The 
displacement of the reflected reticle image against 
the reticle represents an angular deviation. 

Autocollimator 

An autocollimator is an instrument that 
permits the measurement of small angular 
deviations of a mirror from a line of sight with 
its own collimated light. 

Autorefleetion 

The process of checking squareness of a line 
of sight by using a mirror to reflect the image of 
a target placed at the objective lense of the 
telescope is known as autoreflection. You observe 
the reflected image through the telescope. If an 
autocollimation eyepiece is unavailable you can 
use an autoreflection instrument. 

ColIInear 

As discussed earlier, collinear means lying in 
the same straight line. 



Line of Sight 

A line of sight is an optical reference line 
established using an alignment telescope and 
target mounted in a permanent location on a jig. 
The basic line of sight is the line of sight from 
which secondary or auxiliary lines of sight are 
determined. The auxiliary lines of sight are 
additional lines of sight related to the basic line 
of sight. 

Optical Reference Plane 

An optical reference plane is a plane 
determined by any two lines of sight. 

Optical Definition, Resolution, 

and Resolving Power 

These are terms used interchangeably to 
describe the sharpness of the image produced by 
a telescope. Resolving power is measured by the 
smallest angular distance between two points that 
are just far enough apart to be distinguished as 
separate. Up to certain theoretical limits, resolving 
power is a function of the optical quality of the 
instrument. 

Telescope Power 

To define a line of sight with a given accuracy, 
the smallest increment of angular measurement 
required must be distinguishable to your eye. The 
limitations of your naked eye are such that 
considerable magnification of apparent image size 
is required to resolve the very small angles at 
the limits of accuracy in precise alignment. 
Magnifying powers of 20X to 60X are typical 
of optical alignment instruments. Telescope 
magnifying power is a function of the focal 
lengths of the objective and eyepiece lenses. 
Several instruments have interchangeable eye- 
pieces, providing a choice of magnifying powers. 
The best choice depends on ambient conditions 
as well as the nature of the sight. Higher 
magnification reduces the field of view. It also 
amplifies the effect of air turbulence, vibration, 
and optical imperfections. These factors impose 
practical limits on magnifying power. 

HANDLING AND CARE OF 

OPTICAL TOOLING INSTRUMENTS 

The instruments and fixtures you will use in 
optical tooling alignment are highly accurate. You 
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in optical alignment to ever attempt to adjust or 
repair these instruments. 

Use the following precautions in your shop 
when you work with or around these alignment 
instruments: 

1 . Do not leave alignment instruments around 
in an area uncovered when you are not 
using them. 

2. Do not bump or jar these instruments. 

3. Do not tighten the leveling screws or jam 
the tangent screws. 

4. Do not leave these instruments exposed to 
the elements. 

5. Do not transport these instruments in the 
back end of a bumpy or bouncy truck. 

6. Do not overtighten C-clamps if you use 
them to temporarily hold optical fixtures. 
This may cause distortion and introduce 
error into your alignment effort. 

7. Stow all fixtures and associated optical 
tooling in strong containers to preclude 
damage during transfer or standby stowage. 

When you or your personnel take a reading, 
remove your hands from the instrument, both the 
optical instrument and its supporting pedestal. 
Doing this should eliminate errors caused by 
accidental deflection of the instrument through 
body contact or body heat. Exercise extreme 
precaution when you handle and use these 
precision instruments. No one, repeat, no one, but 
the user should handle them. Immediately after 
you finish a job, ensure that you and your workers 
return all fixtures and instruments to the shop. 
Upon returning them to the shop, inspect and 
clean the instruments so they will be ready for 
future jobs. 

Teach your personnel not to hurry their obser- 
vations when using an alignment telescope. 
Ensure they allow enough time to make accurate 
observations. Working against time invites 
inaccuracies and mental fatigue. 

When you use these instruments, do not sight 
through panel glass, heat waves from electric spot 
lights or lamps, or through holes smaller than the 
inside of the objective end of the scopes. Ensure 
that the line of sight is clear of all obstacles that 
create any interference. 

If you need to clean a telescope's lens, use a 
camel hair brush to remove loose dust. If further 
cleaning is required, wipe the lens gently with a 
soft clean cotton cloth and then finish cleaning 
with a lens tissue. 
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drawing before and after their use to help ensure 
that the readings you obtained are meaningful and 
accurate. 

Teach your workers that when they handle 
these highly accurate and expensive precision 
instruments and perform jobs with them to treat 
them and use them as such. If they do, the 
instruments will turn out an excellent job foi 
them. 



INSTRUMENTS USED IN 
OPTICAL ALIGNMENT 

So far we have discussed the concepts, 
objectives, application, terms, and the handling 
and care of optical tooling instruments. We will 
now discuss some of the various instruments you 
will use during the optical alignment process, 
Some of these instruments are alignmenl 
telescopes (including line of sight telescopes), 
collimators, and various optical alignmenl 
accessories. 

ALIGNMENT TELESCOPE 

The alignment telescope is the most widely 
used instrument in optical tooling. It is th< 
instrument you will use most when you deal will 
optical tooling. The British were the first maker: 
and users of alignment telescopes. They replacec 
conventional alignment gauges and gauging 
systems with the alignment telescope during 
World War I! when they were building their four 
engine bombers. 

The alignment telescope system provide; 
essentially a line of sight that is absolutely straigh 
and from which you can take measurements witl 
great accuracy. The alignment telescope is th< 
instrument used to establish the master referena 
line and the submaster lines. Features tha 
alignment telescopes have in common are 

1. the capability of autocollimation or auto 
reflection, 

2. optical micrometers, and 

3. a fiducial cylindrical mounting surface o 
a standard diameter. 

The alignment telescope is used to establisl 
straight lines for measurement reference. Thi 
reference is the line of sight of the telescope. Th 
alignment telescope is mounted in a precisel; 
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machined tube made of gauge block steel. The 
tube is cylindrical within 0.0002 inch and has 
a diameter of 2.2498 to 2.2495 inches. These 
tube specifications are universal for alignment 
telescopes and other optical instruments. They 
provide a uniformity in the manufacturing of 
accessories and mounts. 

The optical axis of the telescope is concentric 
with the outside diameter of the tube within 
0.000250 inch and parallel within 3 seconds of arc. 

Two optical micrometers built into the eye- 
piece of the alignment telescope move the line of 
sight parallel to itself, left and right, and up and 
down. These micrometers are at right angles to 
each other and work independently from each 
other. One measures vertical displacements while 
the other measures horizontal displacement. The 
motions are controlled by micrometer knobs that 
show the extent of the movement in thousandths 
of an inch. The normal range of these micrometers 
is 0.050 inch with a readability of 0.001 inch. 

The focusing adjustment has a range from 
zero to infinity. Alignment telescopes have a 
nominal resolution of 3 to 5 seconds of arc. This 
means they can resolve 0.001 inch at 50 feet. It 
is particularly important when using a telescope 
in optical tooling to eliminate any parallax that 
might result from faulty focusing of either 
eyepiece of the objective. The objective lens of 
a telescope should form a small inverted image 
on the plane of the cross line. It usually reflects 
the image well. It is essential that the image be 
exactly focused on the plane of the cross lines. 
If it is not, when you move your eye slightly up 
and down or left and right, the cross line will 
apparently move over the image and thus destroy 
the accuracy of the sight. This condition indicates 
parallax between the cross lines and the image. 

To adjust the eyepiece, first look through it 
and focus it until the cross lines appear sharp and 
clear. While you make this adjustment, hold a 
white card in front of the telescope, slanted so 
that it throws light into the lens. Aim the 
instrument at the object to be sighted and regulate 
the main focus until you eliminate parallax. 
Turning the focusing knob actually moves the 
image back and forth in the telescope. If, when 
you eliminate parallax, the image is not clear, you 
have changed the focus of your eye. Refocus the 
eyepiece slightly. 

The methods of mounting an alignment 
telescope are as varied as its uses. Standard 
mounting configurations make use of V's, open 
Y's, spherical mounts, and adjustable mounting 
fixtures. Secure a spherical adapter on the barrel 



of the alignment telescope when you mount the 
alignment telescope vertically. Using the adapter 
precludes introducing a strain in the alignment 
telescope. To prevent damaging the optical 
system, do not overtighten the collet when you 
secure the spherical adapter to the alignment 
telescope barrel. 

Alignment telescopes are provided with 
illuminated eyepieces which allow the instruments 
to be used as target projectors, as collimators, or 
as autocollimators. When the telescope is used to 
project its crosshairs, the eyepiece illumination 
must be high and the ambient light low. Laser 
instruments are now available that project a very 
bright beam that serves as the reference line. This 
beam is so bright it can be easily seen several 
hundred feet from the instrument in daylight. 

To minimize error due to backlash in the 
movement mechanisms, always make the last 
movement of the fine adjusting screws, scale 
displacing screws, micrometer screws, and 
focusing adjustment in the same direction. 

The following sources of error may exist in 
the alignment telescope: 

* Lack of parallelism of the axis of the 
mounting tube to the optical axis of the 
telescope 

Out-of-roundness of the mounting tube 

* Lack of straightness of the mounting tube 

* Lack of concentricity of the axis of the 
tube and the axis of the telescope 

* Lack of squareness of the vertical and 
horizontal micrometers 

* Shifting of the optical axis of the telescope 
with the focusing adjustment 

* Errors in the optical micrometer 

Test for parallelism by placing the alignment 
telescope in V-blocks and autocollimating from 
a reference mirror. Then rotate the alignment 
telescope 360 about its axis in the V-blocks. Any 
lack of parallelism will be detected in the 
autocollimated image. 

Test the tube for roundness and straightness 
by using normal linear measurement techniques. 
First test the axis for concentricity by mounting 
the alignment telescope into V-blocks and 
focusing on a fixed target. Then rotate the 
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movement of the target in the telescope image 
plane is an indication of lack of concentricity. 

To test the squareness of the vertical and 
horizontal micrometers, track across a target with 
crosshairs known to be at a right angle to each 
other. The error due to lack of squareness is not 
very significant. For example, if a 10-degree 
error were present in this right angle, the 
maximum displacement measurement error would 
be only 0.002 inch for a full travel of 0.125 inch. 
This right angle error is usually less than 1 , which 
reduces the maximum error below the resolution 
of the optical micrometer. 

Test the alignment of the optical axis of the 
telescope to the optical axis of the eyepiece by 
using several in-line targets at various distances. 
You may simulate the in-line targets by using 
a second alignment telescope that has been 
calibrated to serve as a target reference. 

Finally, you can calibrate the optical microme- 
ter against a standard target or other scale. These 
tests ensure you that your alignment telescope will 
provide you a known reference line, which can 
be reestablished when the alignment telescope is 
removed from its mount and later replaced. For 
maximum accuracy, leave the alignment telescope 
in place throughout the measurement program. 

Telescope Theory 

For optical alignment, the power of magnifica- 
tion is not the only factor in appraising or 
classifying the accuracy of the instrument. The 
image of the object view must also be sharp 
and clear. Therefore, it is a combination of 
proper magnification, ultimate resolution, clear 
definition, and pointing accuracy that makes for 
a good telescope. 

Two important parts of the telescope are its 
mechanical axis and its optical axis. An axis, as 
a refresher for you, is defined as a straight line, 
real or imaginary, about which an object rotates. 
It may also be defined as a line passing through 
an object around which its parts are symmetrically 
arranged. The mechanical axis of a telescope is 
an imaginary straight line that passes through the 
center of the telescope barrel. The optical axis is 
an imaginary straight line that passes through the 
center of the lenses of the telescope. 

If the telescope is properly constructed and 
you properly care for it, the center of the 
crosshairs will lie on the optical axis. If the 
telescope of an alignment level scope or a jig 
transit or transit square is fixed in one position 



is established with the plane generated by the 
instrument. If the telescope of the level scope is 
rotated about a vertical axis, a horizontal plane 
is generated. If the telescope of a transit is rotated 
about a horizontal axis, a vertical plane is 
generated. 

Geometric 

There are several geometrical requirements 
which must be built into and maintained in 
optical alignment tools, such as a transit square, 
jig transit, telescopic square, and so on, if you 
are to obtain accurate results. The following are 
some of the most important requirements: 

1. The horizontal axis and the vertical axis 
must be perpendicular to each other. If the 
horizontal axis is not perpendicular to the 
vertical axis, the alignment telescope will 
not sweep a vertical true plane. 

2. The optical axis must pass through the 
vertical axis. If the optical axis does 
not pass through the vertical axis, the 
displacement of the line of sight is the 
result. 

3. The optical axis must be perpendicular to 
the horizontal axis. If the optical axis is not 
perpendicular to the horizontal axis, the 
telescope will not sweep a plane 90 to the 
horizontal axis. 

4. Straightness of line of sight onto near and 
far graduated targets or wedge. If the line 
of sight is not straight, errors in alignment 
jobs will exist. 

5. If the instrument's vertical and horizontal 
micrometer readings at various distances 
are not accurate, errors in alignment jobs 
will exist. 

When related observations require relocation 
of the instrument, the barrel of the telescope 
should be kept in the same rotational position to 
minimize errors due to imperfect concentricity and 
parallelism of the line of sight with respect to the 
axis of the barrel. When using an alignment 
telescope fitted for autocollimation or auto- 
reflection, there may be some doubt in the 
operator's mind as to whether the instrument is 
autocollimating or autoreflecting, because it is 
possible to go from one to the other by adjusting 
the focus a very small amount. To assist in 
resolving such a doubt, table 3-1 shows the 
instrument settings for autocollimation or 
autoreflection, as applied to alignment telescopes. 
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Table 3-1. Alignment Telescope Operating Modes 



OPERATING MODE 


FOCUS SETTING 


EFFECT OF MOVING 
OPTICAL MICROMETER 


AUTOCOLLIMATING 


INFINITY 


NONE 


AUTOREFLECTING 


FOCUSED ON 
TARGET IMAGE IN 
REFLECTING PLANE 


MOVES TARGET IMAGE 
SEEN IN FOCAL PLANE 
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148.384.1X 
Figure 3-7. Alignment telescope. 



An alignment telescope (fig. 3-7) is used to 
establish straight lines for measurement reference. 
This reference is the line of sight of the telescope. 

In the following paragraphs we will discuss the 
model 71 2022 alignment telescope and the model 
71 2062 line of sight telescope produced by the 
Keufel and Esser Company. 



71 2022 ALIGNMENT TELESCOPE 

The barrel of the 71 2022 alignment telescope 
consists of a heavy, through-hardened, stabilized 
tool-steel tube. The objective end is a cylinder 
approximately 9 inches long with a hard chrome 
surface ground to a 2.2498 + O.OOOO/ - 0.0003-inch 
diameter (Aircraft Industries Association standard 
diameter). The rear section contains horizontal 
and vertical optical micrometers, the focusing 



knob, and the eyepiece. The optical micrometer 
is a built-in horizontal and vertical type with 
which you can take direct readings to 0.001 
inch 0.0002 inch accuracy over a full range, 
with red and black scale graduations. The line of 
sight is adjusted so that it coincides with the axis 
of the cylinder. 

The telescope's focusing range is from zero 
to infinity. Magnification varies automatically 
from 4X at zero focus to 46X at infinity focus. 
It has an effective aperture of 42 mm. Resolving 
power is 3.4 seconds of arc (according to the 
Bureau of Standards test procedure). Its field 
of view is 37 minutes at infinity and 42 mm 
at zero focus. The image is especially bright 
and clear, with excellent definition. The eyepiece 
presents a fully erect image, with a diopter scale. 
The optical system contains fully coated optics 




A. RETICLE 
PATTERN 




B. AUTO-REFLECTION 
TARGET PATTERN 
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148.383X 
Figure 3-8. Reticle and autoreflection target. 



glass reticle (fig. 3-8, view A), gives a cross-pattern 
with single lines top and right, and paired lines 
bottom and left. An autoreflection target (fig. 3-8, 
view B) and an autocollimation illumination unit 
are built in. 

The main operating features of the alignment 
telescope are shown in figure 3-9. Their functions 
are described as follows: 

1. Pilot hole. This serves as locating hole for 
the accessory cross level. 

2. Horizontal optical micrometer. This is 
used to measure horizontal displacements 
from the line of sight. 

3. Vertical optical micrometer. This is used 
to measure vertical displacements from the 
line of sight. 

4. Focusing knob. Focuses the instrument on 
a target. 

5. Distance scale. This indicates distance to 
the target when the instrument is focused 
on a target. 

6. Cover for reticle adjusting screws. This 
protects the reticle adjusting screws during 
use of the instrument. 




Pilot hole 

Horizontal optical micrometer 
Vertical optical micrometer 
Focusing knob 
Distance scale 
Cover for reticle 
adjusting screws 
7. Eyepiece focusing knob 
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148.384X 
Figure 3-9. An alignment telescope. 
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1. Pilot hole 3. Coverplate for au tocol 1 ima t ion 4. Cover for reticle adjusting screws 

2. Focusing knob illumination unit 5. Eyepiece focusing knob 
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148.386X 
Figure 3-10. Line of sight telescope. 



7. Eyepiece focusing knob. This focuses the 
reticle cross lines. 



71 2062 LINE OF SIGHT TELESCOPE 

The line of sight telescope is used to establish 
a precise reference line of sight from which 
you can take measurements. The barrel of the 
71 2062 line of sight telescope consists of a 
heavy, through-hardened, stabilized steel tube 
with a hard chrome surface that is ground to a 
2.24983. + 0.0000/-0.0003-inch diameter (Aircraft 
Industries Association standard diameter). The 
telescope focusing knob is mounted on the barrel. 
The focusing range is 7 inches to infinity. The 
eyepiece is an erecting, achromatic eyepiece with 
a removable blank that permits installation of an 
accessory autocollimation conversion unit. 

The telescope is especially bright, with 
excellent definition. Magnification varies auto- 
matically from 23X at 7 inches to 35X at infinity. 
The effective aperture is 38 mm. Resolving power 
is 3.5 seconds of arc (according to the Bureau of 
Standards test procedure). The field of view is 47 
minutes at infinity and 7.4mm at near distance. 
Fully coated optics are used throughout. The 
reticle is the same as the one used in the 71 2022 
alignment telescope. The instrument is furnished 
with a built-in autoreflection target and an 
autocollimation illumination unit. This unit, 
however, does not contain an optical micrometer. 



The main operating features of the line of sight 
telescope are indicated in figure 3-10. The 
functions are as follows: 

1. Pilot hole. This serves as a locating hole 
for the accessory cross level. 

2. Focusing knob. This focuses the instrument 
on the target. 

3. Cover plate for autocollimation illumina- 
tion unit. This provides access to the 
illumination unit receptacle. 

4. Cover for reticle adjusting screws. This 
protects the reticle adjusting screws during 
use of the instrument. 

5. Eyepiece focusing knob. This focuses the 
reticle cross lines. 

Basic Instrument Concepts 

Alignment telescopes and line of sight tele- 
scopes were designed for one specific application- 
optical tooling for the airframe industry. The 
original concept was that a person could establish 
a line in space by locating two spherical adapters, 
one at each end of the line. This was usually 
accomplished by placing each of the spherical 
adapters in a cup mount and measuring to the 
outside diameter of the sphere, thereby positioning 
the center of the sphere where required. Once the 
spheres were properly located, the base of each 
cup mount was pinned to the structure or tool, 
and the vertical adjusting screw of the cup mount 
was clamped and usually pinned; therefore, the 
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TELESCOPE 




S CUP MOUNT 



EXTENSION 

ARM. 

OPTIONAL 



'The Extension Arm is needed when the Optical Square 
is used with the Alignment Telescope. 



Courtesy of Cubic Precision, Electro-Optical Division of Cubic Corporation, K & E Electro-Optical Products 

148.388X 
Figure 3-11. Assembly of cup mount, spherical adapter, bracket, and alignment telescope. 




REFERENCE LINE OF SIGHT 




TARGET IN SPHERE ALIGNMENT TELESCOPE 

ON A CUP MOUNT IN SPHERE ON A CUP MOUNT 
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148.389X 
Figure 3-12. Establishing a reference line of sight. 



cup mount became a permanent locator fastened 
directly to the tool itself. 

To establish the optical reference line with this 
arrangement, you must place a target in one of 
the spherical adapters and mount it on the cup 
mount at one end; then place an alignment 
telescope or line of sight telescope in the other 
spherical adapter and place it, along with a 
suitable bracket, on the cup mount at the other 
end (figs. 3-11 and 3-12). The bracket supports 
the rear end of the telescope, and its fine motion 
tangent screws aid in aiming the telescope. Then 
you must only aim the telescope at the target to 
establish an optical line of sight from the center 
of one sphere to the center of the other sphere. 
Intermediate targets indexed to part locators by 



permanently mounted special fixtures can then be 
aligned to the reference line of sight. At this point, 
the telescope and spherical adapters can be 
removed from the cup mounts and the inter- 
mediate targets from their fixtures, and can be 
put away. At any future time, any set of targets, 
any two spherical adapters, and the telescope and 
target can be used to reestablish the reference line 
of sight and to check the location of the various 
part locators. The optical reference line was 
previously established by the use of tightly 
stretched wire instead of the reference line of 
sight. 

The "optical tight wire" concept allowed the 
alignment telescope and the line of sight telescope 
to be designed specifically for the airframe 
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Figure 3-13. Use of cones to change aim left or right. 
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Figure 3-14. Schematic of cone-type V-block. 



industry and to be adapted for other applications. 
One of the first such applications was in the ship- 
building industry. Although telescopes had been 
used previously to align the bearings for the main 
drive shafts of vessels, the alignment telescope 



Table 3-2. Adjustment of the Four-Screw-Type V-block 

Screws Turned Screws Turned 
Operation Clockwise Counterclockwise 



Raise 


None 


1, 2, 3, 


4 


Lower 


1,2,3,4 


None 




Move right 


2,4 


1,3 




Move left 


1,3 


2,4 




Aim up 


3,4 


i;2 




Aim down 


1,2 


3,4 




Aim right 


2,3 


1,4 




Aim left 


1,4 


2,3 





With the four-screw type V-block, measurement 
is made to the telescope cylinder itself, rather than 
to the spherical adapter. 

Courtesy of Cubic Precision, Electro-Optical Division of Cubic 
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and the line of sight telescope offered many 
advantages over such jury-rigged telescopes. 
Unfortunately, the bracketry used in the airframe 
industry, specifically cup mounts and spherical 
adapters, have proved somewhat impractical for 
most applications outside the airframe industry; 
therefore, V-blocks of some sort are most 
commonly used instead. 

A cone-type V-block consists of two or 
four cones on elevating screws. The cones are 
separately adjustable in height and can be locked 
in position by clamps. The telescope cylinder is 
held on the cones by springs. The two-screw 
V-block can be used with a cup mount, in place 
of a bracket, to aim the telescope. The four-screw 
V-block provides complete control of the tele- 
scope. The height of the cones is adjusted to 
control the aim of the telescope (fig. 3-13). 
Assume that screws 1 and 2 in figure 3-14 are the 
forward screws. The numbers in table 3-2 refer 
to the screws turned for the corresponding 
operation. Turn all screws equal amounts for each 
operation. Ensure that the adjusting screw clamps 
are snugged up to the point that there is a slight 
drag on the adjusting screws as you turn them. 
This minimizes any motion when the clamps are 
fully tightened after the adjustments have been 
completed. 

The precision-ground barrel of the telescope 
was originally designed to be centered in a 
spherical adapter. When you use a V-block, the 
precision-ground barrel provides a self-proving 
feature to the adjustment or relationship of the 
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Figure 3-15. Operation of optical micrometers. 

line of sight to the outside barrel of the telescope. 
More importantly, you can use the outside 
barrel of the telescope to locate the optical center 
of the instrument. The telescope can be reversed 
in the V-block so that the line of sight can be 
extended in the opposite direction. 

Operation of Telescopes 

To establish a line of sight (fig. 3-12) with the 
alignment telescope after it is mounted, proceed 
as follows: 

1. Set the optical micrometers to zero (fig. 
3-15, view A). 



view B) until the reticle crosslines appear 
sharp when the instrument is aimed at a 
well-illuminated white surface. 

3. Note the resulting setting (the diopter 
setting) on the scale in front of the eyepiece 
focusing knob for future use. This setting 
is often different for different observers 
and sometimes for different instruments, 
but it is the same for sights of different 
lengths. 

4. Measure the displacements from the line 
of sight. The alignment telescope has three 
control knobs (fig. 3-9). Viewed from the 
eyepiece end with the telescope in its 
normal position, the right-hand knob is the 
focusing knob; the left-hand knob is the 
horizontal micrometer knob, which moves 
the line of sight left and right; and the top 
knob is the vertical micrometer knob, 
which moves the line of sight up and down. 
Marks on a dial beside the focusing knob 
show the approximate position of the knob 
when the focus is at infinity or at various 
finite distances. 

The extent of movement of the line of sight 
produced by the micrometer knobs is shown by 
graduated dials (fig. 3-15, view B). The dials are 
graduated in units of 0.001 inch and are numbered 
in both directions from zero at the center to 0.050 
inch. Black numbers are used in one direction, 
and red numbers in the other direction. When the 
dials are set at 0.000, the line of sight of the 
alignment telescope is on the axis of the cylindrical 
part of the telescope. When the horizontal 
micrometer knob (left) is turned clockwise, the 
face of the dial nearest the observer moves 
downward, the black numbers are adjacent to the 
index, and the line of sight moves to the right. 
Similarly, when the vertical micrometer knob is 
turned clockwise, the nearest face of the dial 
moves left, the black numbers are adjacent to the 
index, and the line of sight moves up. 

Displacements of objects from the line of sight 
are measured with optical tooling scales. The 
lowest graduation of optical tooling scales is 0.001 
inch. The optical micrometers of the alignment 
telescope read 0.050 inch; therefore, when 
optical tooling scales are used, you may have to 
adjust the optical micrometers to bring the line 
of sight onto the nearest graduation of the 
optical tooling scale. The optical micrometer dial 
reading is then either added to or subtracted from 
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Figure 3-16. Schematic view of an optical square. 



(depending on the direction of the displacement) 
the final optical tooling scale reading. 

OTHER APPLICATIONS 

In addition to establishing a reference line of 
sight, alignment telescopes and line of sight 
telescopes can be used to establish the following: 

1 . A plane perpendicular to a reference line 
at a given station 

2. A level reference line and a plumb reference 
plane 

3. A vertical plumb line 

Establishing a Plane Perpendicular 
to a Reference Line 

A perpendicular plane is established with 
either an optical square (fig. 3-16) or a double 
sphere optical square (fig. 3-17). Both optical 
squares provide one line of sight that passes 
straight through. With a penta prism, both 
optical squares also provide a second line of sight 
that is turned 90 1 second of arc from its 
entering direction. The apex of the 90-degree angle 
is at the center of the sphere. Adjustments about 
the sphere do not change the position of the 
intersection of the two lines. 

When either optical square is mounted on the 
instrument, you can turn the 90-degree line in the 
direction needed by rotating the instrument and 
the optical square together. However, only the 
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Figure 3-17. Schematic view of a double sphere optical 
square. 



double-sphere optical square can establish the 
90-degree line through a full 360 -rotation. The 
90-degree line of the single-sphere optical square 
is partly obstructed by the mount and the bracket. 
When the double-sphere optical square is mounted 
on its rear sphere, adjustment will move the 
intersection of the 90-degree lines; when it is 
mounted on the forward sphere, it will function 
as a single-sphere optical square. 

When you use an alignment telescope or line 
of sight telescope with an optical square to 
establish a perpendicular plane, you should follow 
this procedure: 

1. Mount the instrument with the attached 
optical square on a bracket. Place either 
sphere of the double-sphere optical square 
in the cup mount. 

2. Cover the 90-degree opening of the optical 
square with the cap provided, and open the 
front window. 

3 . Adjust the bracket so that the center of the 
opening in the optical square is on the 
reference line when the instrument is aimed 
at the center of the objective of a reference 
telescope. With the bracket tangent screw, 
set the infinity focus on both instruments; 
then aim the crosslines of the alignment 
telescope (or line of sight telescope) at the 
crosslines of the reference telescope. 
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4. Remove the cap from the 90-degree 
opening, close the front window, and aim 
the 90-degree line where you desire. 

Generally, when you sight through the 
90-degree window, the aim in the vertical or roll 
direction is arbitrary; you must adjust it by hand. 

Place the plane swept by the 90-degree line at 
your desired station by aiming the 90-degree line 
at the station mark. 



Establishing a Level Reference 
Line and a Plumb Line 

To establish a level reference line, place a 
coincidence striding level on the barrel of either 
the alignment telescope or the line of sight 
telescope and level the telescope. 

To establish a plumb line, use either the 
alignment telescope or the line of sight telescope 
and an optical square with the striding level. When 
the telescope is level, the through line of sight is 
also level. The 90-degree line will sweep through 
a plumb plane where both the telescope and the 
optical square are rotated. 



Establishing a Vertical Plumb Line 

To establish a vertical plumb line (pointed 
either up or down), mount the alignment telescope 
in a plumb aligner bracket. 



COLLIMATORS 

Collimators are used to set other optical 
tooling parallel to a reference line. The collimator 
is a telescope that has an illuminated target at its 
focal plane. The target is graduated in concentric 
circles, which indicate the angular deviation from 
a line parallel to the line of sight. That is, 
collimators are used to measure the amount of 
tilt of a surface with respect to a reference 
line. 

The collimator may contain a cross hair target 
in front of the objective lense. The target provides 
a means of measuring displacement of optical 
tooling instruments from the line of sight or 
reference line by autoreflection. The combination 
of the focal plane target and the front target 
allows the collinear alignment of the optical 
tooling instrument axis to the collimator axis. 



The collimator is mounted in a tube having 
the same characteristics as the tube mount for 
alignment telescopes. A level, attached to a sliding 
ring, is provided so that you can set the front 
target hairs and focal target cross hairs vertically 
and horizontally. 

The use of the collimator to achieve collinear 
alignment of optical instruments requires two 
operations. First, you must set the optical 
tooling instrument parallel to the collimator by 
focusing it on the focal plane target. That is, focus 
the optical tooling instrument at infinity. Once 
you have obtained parallelism, focus the optical 
tooling instrument on the front target of the 
collimator. This time the focus of the optical 
instrument depends upon the distance between the 
two instruments. Then, adjust the optical 
instrument laterally for a zero indication. Recheck 
the parallelism. If you make any adjustment, 
repeat the process until you can change the focus 
of the optical tooling instrument from the focal 
target to the front target of the collimator without 
having the offset on either target. 

Sources of error associated with the collimator 
you should look out for include 

1. focusing of the focal plane target, 

2. positioning of the focal plane target on the 
optical axis, 

3. squareness of the focal plane target to the 
optical axis, 

4. parallelism and concentricity of the optical 
axis to the axis of the tube, 

5. straightness and roundness of the tube, and 

6. collinear alignment of the front target to 
the focal target. 

Test the focal plane target focus by viewing 
it with a calibrated alignment telescope set to 
infinite focus. You can test the optical axis 
alignment and the two target collinear alignments 
by placing the collimator in V-blocks and sighting 
on the targets (one at a time) with the calibrated 
alignment telescope. Rotate the collimator 
through 360 about its axis. How do you know 
if it is misaligned? Movement of the targets 
relative to each other and to the turning axis is 
an indication of misalignment. 

You can test the roundness and straightness 
of the mounting tube in the same way as you do 
for the alignment telescope. 

ALIGNMENT COLLIMATOR 

The alignment collimator is a device that you 
can make to coincide with an optical line of sight 



in direction and position to a very high degree of 
accuracy. It is usually mounted on a facility gauge 
or other small jig part so that the tilt and 
position of the part can be controlled by the line 
of sight of an alignment telescope. The K & E 71 
4010 alignment collimator (fig. 3-18) consists of 
a hardened, stabilized steel tube with a hard 
chrome surface. Its outside diameter is 2.2498 
inches +0. 0007 -0.0003 (Aircraft Industries 
Association standard). An achromatic lens is 
mounted near the front of the tube, and a special 
infinity target is mounted near the end of the tube 
at the principal focus of the lens. The rear end 



of the tube is threaded to accept an accessory lamp 
housing that illuminates the infinity target. The 
infinity target is graduated every 30 seconds with 
a total of 18 minutes of arc in four directions from 
zero. A second paired-line target is centered on 
the collimator objective lens. 

This alignment collimator is essentially a 
fixed, infinity-focused telescope without an 
eyepiece. A reticle or tilt target (fig. 3-19) is 
located at the principal focus of the lens. Since 
the alignment collimator is focused at infinity, the 
light rays emerging from the alignment collimator 
are focused at infinity. When some of these light 
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Figure 3-18. K & E 71 4010 alignment collimator. 




SCALES READ IN 
MINUTES OF TILT 




ALIGNMENT TARGET TILT TARGET 

Courtesy of Cubic Precision, Electro-Optical Division of Cubic Corporation, K&E Electro-Optical Products 

148.399X 
Figure 3-19. Alignment target. 
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Figure 3-20. Alignment collimator used with alignment telescope. 



rays strike the lens of an alignment telescope or 
a line of sight telescope, the tilt target can be made 
to appear in the telescope when the telescope is 
focused at infinity. 

When the alignment collimator is tilted with 
respect to either the alignment telescope or the 
line of sight telescope, the center of the tilt 
target does not appear on the crosslines of the 



telescope (fig. 3-20, view A). To bring the 
center of the tilt target on the crosslines of 
the telescope, direct the alignment collimator 
so that the light rays emerging from it are 
parallel with the line of sight of the tele- 
scope, as shown in figure 3-20, view B. 
After you have corrected the tilt, move the 
alignment collimator a small amount parallel 
to itself. The center of the tilt target will 
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Figure 3-21. Positioning a part with an alignment coilimator and a shop level. 



remain exactly on the crosslines of the telescope, 
as shown in figure 3-20, view C. 

The alignment coilimator also has a displace- 
ment target on the objective lens. After the tilt 
has been corrected, focusing the telescope on the 
alignment target will cause the target to appear 
in the alignment telescope or line of sight 
telescope. The tilt target will then be out of focus 
and will disappear. The alignment coilimator can 
then be brought on the line of sight as with any 
alignment target. When the target and the 
alignment target are both on the line of sight, the 
axis of the cylindrical surface of the alignment 
coilimator coincides with the line of sight (fig. 
3-20, view D). 

The alignment coilimator is usually mounted 
on a facility gauge or other small jig part. With 
this type of mounting, the tilt and position of the 
gauge or part can be controlled by the line of sight 
of an alignment telescope or a line of sight 



telescope. Figure 3-21 illustrates the basic 
method of positioning a part using an alignment 
coilimator and shop level. 

OPTICAL ALIGNMENT ACCESSORIES 

Optical accessories are available for you to use 
with, and to adapt, the basic instruments for 
specific operational requirements. We will discuss 
briefly a few of the most frequently major working 
accessories, and those that extend the capabilities 
of the individual instruments, are listed and 
described in the following paragraphs. 

Optical Micrometer 

This instrument, either built into a telescope 
(as on an alignment telescope) or provided as a 
fixture to mount on the objective end of a 
telescope (like a tilting level telescope) that 
consists of an optical flat that you can rotate by 
a precisely graduated dial to laterally transfer a 
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Figure 3-22. Optical micrometer. 



line of sight. The optical micrometer (fig. 3-22) 
is used to displace the line of sight by some small 
amount (usually + 0.100 inch) for interpolating 
markings of precision measuring scales. The 
amount of tilt is indicated by a graduated 
drum that reads out in terms of the amount of 
displacement. Vertical displacements can be read 
directly to 0.0001 inch on a uniformly graduated 
scale; readings to 0.0001 inch can be made using 
a vernier scale. The mechanics of the optical 
micrometer are illustrated in figure 3-23. 

Scales 

Precision scales are marked every 0.1 inch as 
measured between centers of the "white-in-black" 
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Figure 3-23. Operating principle of optical micrometer. 
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Figure 3-24. Optical square and double sphere optical 
square. 



areas. Four rows of such markings are provided, 
each row associated with a particular sighting 
range. Maximum measuremet accuracy is obtained 
when the cross hair of the optical instrument is 
located midway in a white area between adjacent 
black areas as shown in figure 3-23. 

Optical Square 

An optical square (fig. 3-24) is any device that 
will turn the line of sight 90 from its original 
path. These instruments are in housings that fit 
over the front of a telescope. 

Eyepieces 

There are several different types of eyepieces 
(fig. 3-25) available for you to use on optical 



instruments. They include the 71-1241 combina- 
tion autocollimation projection right-angle 
eyepiece and the 71 2230 right-angle eyepiece. 

You can use the right-angle eyepiece in place 
of a standard eyepiece for very low setups or when 
you are working close to walls, columns, or other 
obstructions. This eyepiece maintains a fully erect 
image and can be rotated 360 for sighting at any 
perpendicular angle. 

The combination autocollimation projection 
right-angle eyepiece can be interchanged with the 
standard eyepiece to provide the function of both 
the autocollimation conversion unit and a right- 
angle eyepiece. 

Spherical Mount 

A spherical mount (fig. 3-4) is a steel sphere 
used to mount an alignment telescope, alignment 
laser, or a target on a mounting base. 

Cross Level 

This level (fig. 3-26) establishes the reticle cross- 
line of the telescope vertically and horizontally. 
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Figure 3-26. 71 3205 cross level. 
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Figure 3-25. 71 1241 combination autocoiiimation projection right-angle eyepiece; and 71-2230 right-angle eyepiece. 
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Figure 3-27. Coincidence striding level. 



You position the cross level with a stud that fits 
into a hole in the barrel of the instrument tube. 
When the level bubble is centered, the crosslines 
of the instrument will be vertical and horizontal. 
The level vial has a sensitivity of 90 seconds of 
arc per 2 mm of movement. 

Coincidence Striding Level 

This level (fig. 3-27) can be used to establish 
a level line of sight. You place it directly on the 
barrel of the instrument and secure it with a spring 
clip. It uses a coincidence level with a sensitivity 
of 20 seconds per 2 mm of movement. 

Target 

A target is a mounted reticle, pattern, or other 
device used for determining accurate positions, 
when viewed by a telescope or other optical 
instrument. The target may be mounted on the 
telescope, perpendicular to the optical axis, to 
provide the target image for autoreflection. The 
target fiducial marks are concentric with the 
telescope axis. Targets do not require calibration 
with the exception of targets designed to be used 
in spherical mounts. Figure 3-28 shows a slip-on 
autoreflection target. 

Target Holders 

Target-centering devices are available for use 
with bores greater than 21/4 inches in diameter. 
One of these adjustable target holders can be 
used with bores of 6 to 60 inches in diameter. 
Some adjustable target holders use a stick 



micrometer to center the target in the bore; others 
use a dial indicator on a sweep arm for the same 
purpose. If the bores of identical diameters are 
to be aligned on a day in, day out, production 
basis, you should fabricate special fixtures rather 
than use the adjustable target holders. 



GENERAL PRECAUTIONS FOR 

ALIGNMENT OF SHIPBOARD 

EQUIPMENT 

As a supervisor, it is imperative that when you 
assign personnel to perform any optical alignment 
check, ensure they know the basic principles of 
an alignment telescope and how it is used in the 
autoreflection, autocollimation, and telescope 
modes. The degree of precision required for any 
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Figure 3-28. Slip-on autoreflection target. 
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type of optical alignment dictates that all optical 
tooling operations be handled and performed by 
qualified personnel. Ensure also that they take 
great care to reposition movable targets to their 
original position on all subsequent checks. 

DO NOT ALLOW PERSONNEL TO 
REPAIR OR ADJUST EQUIPMENT ALONE! 
We must stress that under no circumstances may 
repair or adjustment of equipment be attempted 
alone. The immediate presence of someone 
capable of rendering aid is required before you 
allow personnel to make adjustment, whether it 
be for the mast system, mast bearings, bearing 
frames, or the hoist cylinder base. 

Make sure your personnel run all preliminary 
tests and inspections prior to removing the 
periscope and setting up any alignment equip- 
ment. This might eliminate some alignment 
process if it is proven it does not need to be done 
and may show which alignment procedures you 
need to do. 

As always, ensure your personnel familiarize 
themselves with the applicable procedural 
techniques and terms regarding optical and 
associated equipment before you allow them to 
begin a job. We recommend that you have your 
workers review and study any applicable 
illustrations for the job at hand. 

Ensure that all mating, sliding, and restraining 
surfaces of the optical tooling fixtures and the 
interface areas of the ship's components are clean 
and free of burrs. 

Before you have your personnel perform 
optical alignment, have them make certain 
inspections and adjustments to eliminate or 
minimize problems. We will discuss in the 
following paragraphs various conditions you may 
want your personnel to look for before and 
during an optical alignment procedure. 

ADJUSTING PERISCOPE 
INDEPENDENT FAIRING 

When your personnel are aligning an inde- 
pendent fairing to an optical line of sight 
(established from the hull casting center to a fixed 
point in the upper bearing frame), they may have 
a problem of high periscope training torque. This 
may be caused by conditions other than a 
misaligned independent fairing. Rather than waste 
precious time, it is important for you to obtain 
as much information as possible about the 
operation of the system before removing the 
periscope from the ship. This information may 
be used to decide whether the problem can be 



corrected by simple adjustments or if an 
alignment may be necessary. The following are 
other examples of preliminary inspections you 
may want your personnel to perform before they 
decide whether an alignment of the independent 
fairing is necessary: 

* Cycle the periscope and fairing together 
several times and check for binding, 
scraping, or excessive noise in the fairing. 

* Check for any evidence of hesitating 
motion, chatter, or seizing of the periscope. 

* Check breakaway training torque through- 
out 360. 

* Train the periscope in both directions (with 
the periscope and fairing fully raised) and 
note any roughness. 

* Check for proper greasing. 

* Check for clearance between the hull 
casting wiper ring and the periscope. 

* Remove the periscope and hull packing 
from the ship if the breakaway torque 
reading is unsatisfactory (about 30 foot- 
pounds). 

* Roll the periscope to determine maximum 
runout. If the straightness of the periscope 
is less than 0.040 TIR, perform an align- 
ment of the independent fairing. 

* It is critical that the reticle pattern in the 
telescope being used during alignment 
procedures be in sharp focus at all times. 

ALIGNMENT OF A HOIST 
CYLINDER BASE AND FLANGE 
MOUNTED BEARING FRAMES 

Ensure your personnel performing this 
procedure are aware that the straight line passing 
through the intersection of the established hull and 
sail top lines establishes their operational center 
line of the hoist cylinder. They will use this center 
line as the line of sight after they make final 
adjustment to the alignment telescope. Ensure 
they remove and store the target stop ring from 
the spherical adapter when they prepare to use the 
alignment telescope. Make sure they do not over- 
tighten the collet on the spherical adapter as they 
may damage the telescope's optical system. 
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Note that during the final alignment of the 
cylinder base foundation any minor adjustment 
your personnel make to the guide carrier on the 
sail top must not invalidate the telescope 
tracking the sail top fore-aft reference line. When 
they position the guide carrier on the bearing 
frame top, they can ship the interface area 
between the guide carrier and guide centering 
device to achieve perpendicularity (the guide 
carrier must be perpendicular to the side wall 
plane of the athwartships bearing shoe recess). 

Another item to note is that if the bearing 
frame foundation bolt holes need to be welded 
when the existing bearing frame is misaligned, 
make sure that moisture is not present in and 
adjacent to the weld joint and that no drafts are 
present. Also, while positioning the bearing frame 
drill fixture, ensure that the bearing frame base 
contacts the top of the drill and alignment 
fixture (zero clearance) when aligning the drill 
fixture/bearing frame. Ensure that the vertical 
jacking screws on the side of the drill and align- 
ment fixture are screwed clockwise to change the 
elevation of the drill fixture. 

ALIGNMENT CHECK OF 
PERISCOPE COMPONENTS 

If realignment of any system component of 
periscope systems is required, remove only the 
fixtures of that component. If no realignment is 
needed or if realignment is completed, remove all 
the fixtures except the hull fitting fixture and the 
fairwater top fixture. Ensure that a blank is 
installed over the hull fitting fixture. In any case, 
remove and stow the alignment telescope until it 
is again needed. Never leave the telescope 
unattended when it is installed in the telescope 
carrier and guide carrier. 



SUBMARINE RADAR MAST 

SYSTEM AND COMPONENTS 

Because of possible heat absorption by tl 
ship's fairwater during the day, have yo 
personnel take all readings for this procedu 
between 2300 and 0800 hours to avoid gettii 
readings influenced from heat distortion. Ensu 
that your personnel identify and match-mark i 
components before removing them. 

For 3 -inch diameter masts, remove the antenn 
mast, and wave guide only. Leave the anteni 
drive pedestal and the lifting yoke installed ai 
connected to the hydraulic cylinder. 

Before positioning optical tooling for inspect! 
the alignment of bearings, hull fitting, and gui< 
rails, be sure that all mating surfaces are free 
burrs, nicks, scores, and other defects that m; 
affect the accuracy of the optical tooling. 

For systems with round mast bearings, ensu 
personnel refine the fore-aft center line aft 
establishing the optical line of sight between t! 
center of the hull fitting, the center of the upp 
mast bearing, and the fore-aft center line on tl 
cam rail fixture. 



SUMMARY 

In this chapter we introduced you to t 
concept of optical alignment, various optic 
tooling terms, as well as a few of the instrumer 
you will use while performing optical alignmer 
In addition, we talked about a few of the iter 
you, as a supervisor, should watch out for wb 
your personnel perform optical alignment. 



CHAPTER 4 

OPTICAL CALIBRATION 
PUBLICATIONS AND RECORDS 



As the supervisor of an optical shop or a work 
group supervisor you will need to be familiar with 
various optical calibration publications and 
records. As a senior Opticalman you will be 
required (directly or indirectly) to ensure that the 
test and measuring equipment is maintained in 
good working order and that it is properly 
calibrated. Some of your equipment, like micro- 
meters and verniers, will need to be calibrated 
periodically. To help you understand the calibra- 
tion program and its requirements, we will discuss 
the Navy calibration program and its components 
in this chapter. We will introduce you to its 
various standards laboratories and how they 
interface with the shop you will deal with the 
most concerning calibration the Mechanical 
Instrument Repair and Calibration Shop (MIRCS). 

As a work center or work group supervisor, 
you will also need to understand how the calibra- 
tion program works hand-in-hand with the quality 
assurance program discussed in an earlier chapter. 
When you are trying to train personnel in any 
matter, such as calibration, it will help if you can 
explain how one program (calibration) interfaces 
with one or more aspects of their job, such as 
repair work and quality assurance. By studying 
and training in one aspect of work and tying it 
in with other aspects, your personnel should have 
no problem viewing the overall picture of an 
Opticalman' s work. 

We will also discuss the special terms 
associated with the metrology and calibration 
programs to help you gain a better understanding 
of both. After reading this chapter, you will be 
able to identify the special publications, like 
Collimators for Optical Instruments, used within 
the calibration program and how they can help 
you in your job. 

We will also talk about the forms, such as a 
METER card, you will deal with on a day-to-day 
basis that are associated with calibration. The 
various calibration labels and their associated tags 
will also be discussed. 



NAVY CALIBRATION 
PROGRAM ORGANIZATION 

As a senior OM, you must have a thorough 
understanding of the programs within the calibra- 
tion program, such as MEASURE. You must be 
familiar with the forms and reports used with this 
system. Obviously, some of the equipment you 
or your personnel use during the course of equip- 
ment repair must be calibrated. Using an out-of- 
periodicity or noncalibrated instrument can negate 
equipment repair or installation. You will need 
to have an understanding of how the calibration 
program works, who is responsible for it, and how 
it relates to your shop. You will be required to 
check documents for completeness and accuracy. 

Various echelons of calibration activities were 
established to meet calibration requirements. 
These echelons are integrated so that each level 
activity has traceable standards for calibration. 
We will discuss in the following paragraphs the 
Navy calibration program organization and its 
components. 

THE NAVY METROLOGY AND 
CALIBRATION (METCAL) PROGRAM 

The Navy Calibration Program is a program 
of standardization of equipment and instruments 
used in making measurements. The primary 
function of the Navy Metrology and Calibration 
(METCAL) Program is to ensure that measure- 
ment accuracies within the Navy are uniform and 
traceable to the National Institute of Standards 
and Technology (NIST). It also ensures that 
accurate measurement standards are maintained, 
controlled, and made available to all users of test 
and monitoring systems (TAMS) and metrology 
standards throughout the Navy. 

Metrology is the science and art of measure- 
ment for determining conformance to technical 
requirements. It includes the development of 
standards and systems for absolute and relative 
measurements. The first historical reference to 
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metrology goes back to ancient Egypt. The 
pyramids, built by the Pharaohs as tombs, were 
constructed with the intent that they would last 
forever. Each pyramid was made of thousands of 
huge stones cut with extreme precision. We do not 
know how the Egyptians were able to do this, but 
we do know that they "had a system of measure- 
ments and that their measurement system included 
calibration. Although measurement methods have 
changed considerably since ancient times, the 
basic concept of using calibration to maintain the 
accuracy of tools and measuring devices to 
manufacture quality products and maintain 
quality performance has not changed. 

The increased complexity and accuracy 
requirements of ship systems (especially weapons, 
propulsion, and navigation) and the strict 
compliance to rigid production standards and 
acceptance tests require that all inspection tools, 
instruments, and indicating devices used in 
the production, acceptance and testing of 
components, systems, and materials be maintained 
in satisfactory working condition. Periodic 
calibration of these instruments is a prerequisite 
for a successful quality program. Formerly, 
problems existed in measurements because the 
measurements of one activity did not agree with 
those of another activity even though identical 
items were being measured. In those cases, 
activities tended to "write off the discrepancies 
as variations in the measuring instrument. But, 
in fact, most of the discrepancies resulted from 
the lack of standardized measurements. Thus, the 
Navy Calibration Program was born. It was 
established for the purpose of standardizing 
instrument measurements. This program empha- 
sizes the need for complete measurement 
standardization throughout the Navy. 

Calibration assures us that our weapon 
systems are working right and that the parts 
obtained from different manufacturers will fit 
together as they should. You have heard of 
torpedoes that go in circles, of shells that miss the 
target or go off prematurely, of aircraft that won't 
get off the flight deck, and of ships on a reef or 
dead in the water from propulsion system failure. 
You may also recall the times when you were 
miserable for several days because of failure of 
the air-conditioning system. Lack of calibration 
could have been the cause of, or at least it may 
have contributed to, such failures. The success of 
our Navy depends on the use of accurate and 
reliable measuring instruments, and the best way 
to assure continued accuracy is by periodic 
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The calibration of all measuring devices is 
based on, and is dependent upon, the basic inter- 
national and national standards of measurement. 
Since we cannot rush off to the NIST every time 
we need to measure a length, a mass, a weight, 
or an interval of time, the NIST prepares and 
issues a great many practical standards that can 
be used by government and industry to calibrate 
their instruments. Government and industry, in 
turn, prepare their own practical standards, which 
apply to their own requirements. Thus there is a 
common linkage of measurement standards that 
begins with the international standards, comes 
down through the national standards, and works 
all the way down to the rulers, weights, clocks, 
gauges, and other devices that we use for everyday 
measurement. 

The Navy METCAL program applies to 
metrology standards and TAMS used in the 
design, construction, inspection, acceptance, 
operation, and maintenance of equipment and 
systems. It applies to all elements of the physical 
sciences, such as electrical, pressure, optics, mass, 
and length. 

Numerous systems employ measuring and 
indicating devices to monitor operational perform- 
ance. All measuring and indicating devices will 
fall into one of the following categories: 

No calibration required these devices are 
used in applications where a precise 
measurement is not required and conse- 
quently the requirement to maintain 
calibration in a current status is not cost 
effective. 

Calibration required these devices must 
give a true indication of the parameters 
being measured (such as voltage, pressure, 
and so forth). 

So, what does this mean to you? The quality 
of work done by an intermediate maintenance 
activity (IMA) depends on the accuracy and 
reliability of all instruments used by that activity. 
It means that any instrument you or your 
personnel use aboard ship for any quantitative 
measurement must be calibrated to ensure 
reliability and accuracy and that the standards 
used are more accurate than the shipboard 
instruments. You, as a work center supervisor, 
are responsible to your division officer for 

1. maintaining a current accurate inventory 
of all tools and equipment requiring 



2. ensuring that all instruments that come 
within the calibration program are assigned 
serial numbers (if there are no serial 
numbers, the calibration laboratory 
should have an engraving tool for you to 
engrave a serial number on the instru- 
ment); 

3. establishing a positive calibration system 
as a means of assuring that every instru- 
ment carries proof of current calibration 
and its next calibration due date; 

4. ensuring test and measuring equipment 
not used for quantitative measurements 
is labeled to indicate calibration not 
required; 

5. ensuring that duplicate or unused equip- 
ment is disposed of or labeled inactive 
and stored in a manner that precludes 
inadvertent use; 

6. providing for the calibration of multiple 
range instruments only on the ranges 
required to perform the necessary tests 
(you must inform the calibration lab- 
oratory of equipment requirements to 
eliminate any unnecessary calibrations); 

7. ensuring that all new instruments received 
in the shop are submitted for calibration 
prior to use and entered into the calibra- 
tion recall system (procedures discussed 
later in the chapter); 

8. ensuring that any instrument that is to be 
returned to use from an inactive condition 
is submitted for calibration before use; 

9. ensuring that instruments that have failed 
in operation, that show evidence of 
physical damage, that are in any way 
suspected to be outside of the established 
accuracy limits, or that have exceeded 
their calibration due date are removed 
from production use; 

10. requiring retest or remeasurement of shop 
products previously accepted after mea- 
surement with test equipment later deter- 
mined to be sufficiently out of tolerance 
to effect the validity of the original 
measurement; and 

1 1 . ensuring that measuring devices and instru- 
ments received from calibration that are 
inoperative or that have failed calibration 
are either repaired and recalibrated or 
disposed of in a timely manner. 

Your work center QC inspector is responsible 
to you and your division officer, QA supervisors, 



administering the calibration program within 
your work centers. The shop QC inspector is 
responsible for 

1. ensuring the personnel of the shop or 
division do not use measuring devices, 
instruments, inspection tools, gauges, jigs, 
or fixtures that do not have a current 
calibration label affixed to produce, accept, 
or test products or equipment; 

2. witnessing acceptance tests and ensuring 
compliance with the criteria of QA require- 
ments; and 

3. ensuring instruments of questionable 
accuracy, as a result of unauthorized use, 
being dropped, or otherwise suspected of 
damage are immediately withdrawn from 
use until they are repaired or recalibrated. 

The accuracy of each standard must be 
traceable, through documentation by each higher 
calibration activity, to the NIST. Each instrument 
that is calibrated (including standards) must bear 
evidence that it is in calibration. This evidence is 
provided to you in the form of a calibration label 
affixed to the instrument. This label provides 
data, like the date and place of calibration and 
the next due date for calibration, to the user. The 
METCAL program also provides for you periodic 
calibration of most of your instruments. The 
responsibility for assignment of these periodic 
calibration intervals (such as monthly, yearly) rests 
with the Metrology Engineering Center (MEC), 

NATIONAL INSTITUTE OF 
STANDARDS AND TECHNOLOGY 
(NIST) 

The NIST is the focal point in the fedem 
government for maintaining and advancing stan- 
dards and technology for the federal government 
having custody of the nation's basic physica 
standards (national standards). It provides the 
common reference for all measurement madt 
within the scope of the calibration prograir 
and will calibrate the Department of the Navj 
standards maintained by the Navy Primarj 
Standards Laboratory and its detachment. 

METROLOGY ENGINEERING 
CENTER (MEC) 

The MEC acts as the scientific and technica 
authority for the Navy METCAL program. MEC 



aspects of test, measurement, and diagnostic 
equipment calibration requirements, calibration 
procedures, calibration standards and equipment, 
calibration intervals, calibration training, and 
related matters to the systems commands. MEC 
also develops and provides for uniform metrology 
and calibration procedures and documentation for 
use at all Navy calibration activities. MEC 
maintains liaison with the NIST and other govern- 
ment agencies on metrology and calibration 
matters. 

TEST AND MONITORING 

SYSTEMS (TAMS) 

TAMS includes automatic test systems and 
equipment, general-and specific-purpose test 
equipment, built-in test, self -test, and related 
equipment and their application at all levels of 
maintenance and monitoring. TAMS is used for 
monitoring and testing all types of weapon 
systems, equipment, and devices and the 
environmental conditions under which these 
weapon systems and fleet personnel operate. It 
includes all devices used to measure, calibrate, 
gauge, test, inspect, diagnose, or otherwise 
examine materials, supplies, and equipment 
to determine compliance with specifications, 
technical orders, technical manuals, maintenance 
instructions, and serviceability standards. 

TYPE I NAVY STANDARDS 
LABORATORY (NSL) 

This laboratory and its detachment maintain 
the highest standards within the Department of 
the Navy METCAL program. The operation of 
the laboratory and its detachment is under the 
cognizance of the Naval Air Systems Command. 
They maintain and disseminate the most accurate 
units of measurement within the program. They 
obtain calibration services from and maintain 
traceability to the NIST and provide services for 
the systems commands, cognizant laboratories, 
and project managers. 

TYPE II NAVY STANDARDS 
LABORATORY (NSL) AND 
REFERENCE STANDARDS 
LABORATORIES (RSL) 

Type II NSLs and RSLs are similar in 
capability and operation. They provide the second 
highest calibration services within the extent of 
existine canahilities to assigned ffeoeranhical 



areas within the Navy. They obtain standards 
calibration services from type I NSLs and calibrate 
standards and associated measuring equipment 
received from lower echelon laboratories. In 
addition, shipyard RSLs provide calibration 
support for mechanical instrumentation. 



NAVY CALIBRATION 
LABORATORY (NCL) 

NCLs are located in shipyards, ship repair 
facilities, and at various NAVELEX field 
activities. An NCL is usually made up of an RSL 
and one or more local standards laboratory. The 
RSL is a type II laboratory. The local standards 
laboratory normally receives calibration services 
from the RSL. 



MECHANICAL INSTRUMENT REPAIR 
AND CALIBRATION SHOPS (MIRCS) 

MIRCS is the shop you will more than likely 
become familiar with, and possibly even super- 
vise. When you have an instrument that requires 
calibration, the MIRCS lab will either calibrate 
it for you or send it out to another laboratory for 
calibration. MIRCS laboratories are located 
onboard tenders (other than Fleet Ballistic Missile 
(FBM) submarine tenders), repair ships, and 
specified shore activities. Their function is to 
calibrate and repair mechanical and electro- 
mechanical measuring devices installed aboard 
ships and submarines. Standards used by the 
MIRCS are submitted to a higher echelon 
laboratory for calibration. All MIRCS lab- 
oratories are not the same, and capabilities of the 
various test standards provided by the MIRCS 
facility may vary between labs. 



FLEET MECHANICAL CALIBRATION 
LABORATORY (FMCL) 

FMCLs are onboard FBM submarine tenders 
to provide calibration services for tender and FBM 
submarine mechanical test and measurement 
equipment. The FMCLs are operated by IM or 
OM personnel with an 1821 NEC. The basic 
difference between a MIRCS laboratory and the 
FMCL is that the FMCL has the additional 
capability for optical calibration. Standards from 
these laboratories are submitted to a higher 

edhelon laboratory for calibration. 



METROLOGY AUTOMATED SYSTEM 
FOR UNIFORM RECALL AND 
REPORTING (MEASURE) 

The preceding sections explained the calibra- 
tion echelons established for calibration of test 
equipment. Now let's take a look at an important 
calibration program called the Metrology Auto- 
mated System for Uniform Recall and Reporting 
(MEASURE) Program. MEASURE is an auto- 
mated information and technical data collection 
system. 

In an effort to ensure that all equipment 
requiring calibration or servicing is maintained at 
a maximum dependability, the scheduling of 
equipment and reporting of management data is 
automated under MEASURE, as implemented by 
the Chief of Naval Material. MEASURE is the 
Navy's single data reporting system for the TAMS 
and the Navy METCAL program. The system 
goal is to provide a single, uniform management 
information system for the Navy METCAL 
program. MEASURE also provides for the 
collection, correction, analysis, and collation of 
data as well as distribution of data and products 
to requiring activities. Information on how to use 
this program effectively and how to complete the 
necessary documents is provided in the latest 
edition of the Measure Users Manual, OP 43P6A. 

The initial cycle of MEASURE begins with the 
completion of the inventory forms for equipment 
held by an activity. These forms are forwarded 
to the cognizant MEASURE data processing 
facility (DPF) to establish the data base. The 
activity holding the test equipment is then 
provided a printed inventory and a set of 
preprinted metrology equipment recall and report 
(METER) cards. The MEASURE cycle is 
completed when the cognizant METCAL repre- 
sentative provides recall schedules to the activity 
holding the test equipment and to the calibration 
activities. As equipment is gained or lost, more 
inventory forms and METER cards are processed 
or deleted, the data base is kept current, and the 
system continues to cycle. 

Several documents are used to update the data 
base of the MEASURE system. These documents, 
such as a METER card, will be discussed later in 
this chapter. 

The MEASURE program provides manage- 
ment personnel with a wide variety of valuable 



information on fleet readiness, calibration 
problems, budget and funding information, and 
many other subjects. MEASURE products and 
formats have been designed to meet the 
information requirements of several levels of 
management. 



TERMS ASSOCIATED WITH THE 
CALIBRATION PROGRAM 

To gain a better understanding of the calibra- 
tion program, you need to have a grasp of the 
various terms and basic functions associated with 
it. Understanding the need for calibration, its 
associated schedules, and so forth will help you 
see its role in your supervisory duties. 



ACCURACY 

The degree to which a measured value agrees 
with the true or nominal value is known as 
accuracy. 



CALIBRATION 

The best way to assure continued accuracy is 
by periodic calibration performed by skilled 
technicians. Calibration is the comparison of 
measuring and test equipment or a measurement 
standard of unknown accuracy to a measurement 
standard of known accuracy. This is done to 
detect, correlate, report, or eliminate by adjust- 
ment any variation in the accuracy of the 
instrument being compared. Calibration assures 
us that our weapons systems are working right and 
that parts obtained from different manufacturers 
will fit together as they should. 



CALIBRATION INTERVAL, 
PERIOD, OR CYCLE 

Calibration interval, period, or cycle is the 
maximum length of time between calibration 
services during which each standard and test 
and measuring equipment is expected to remain 
accurate under normal conditions of handling and 
use. Since no micrometer is "sailor-proof you 
will need to turn each one in for calibration when 
its interval is due to ensure that measurements 
taken are exact. 
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METROLOGY 

Metrology is the science of measurement to 
determine conformance to technical requirements, 
including the development of standards and 
systems for absolute and relative measurements. 

PRECISION 

A measure of consistency or repeatability of 
the measurements among themselves is known as 
precision. (An instrument may be highly precise, 
but not necessarily accurate, whereas a highly 
accurate instrument is also a very precise one.) 

STANDARD 

A standard is a laboratory-type device used 
to maintain continuity of value in the units of 
measurement. Its accuracy is ensured through 
periodic comparison with higher echelon or 
national standards. A standard may be used 
either to calibrate a standard of lesser accuracy 
or to calibrate test and measurement equipment 
directly. 

TRACEABILITY 

Traceability is the ability to relate individual 
measurement results through an unbroken chain 
of calibrations to one or more of the following: 

U.S. national standards maintained by the 
U.S. NIST and the U.S. Naval Observatory 

Fundamental or natural physical constants 
with values assigned or accepted by the 
U.S. NIST 

National standards of other countries 
which are correlated with U.S. national 
standards 

Ratio-type calibrations 

Comparison to consensus standards 



CALIBRATION PUBLICATIONS 

There are various publications used within the 
calibration program that you as a supervisor need 



to become familiar with. We can talk all day about 
the Navy calibration program but you need to 
know what is contained in the publications that 
are referenced when you deal with calibration. By 
reading these publications you will become more 
familiar with the organizations, the forms, and 
the overall reason why calibration is so important 
to your optical work. You need to know how 
often your collimators need to be aligned. By 
reading the Collimators for Optical Instruments, 
you will find out the answers. We will briefly 
discuss three of the publications and instructions 
used in the calibration program Metrology 
Requirements List, NAVAIR 17-35-MTL-l; 
Metrology Automated System for Uniform Recall 
and Reporting (MEASURE) User's Manual, 
OPNAV OP 43P6A; and Collimators for Optical 
Instruments, OP 1417. 



METROLOGY REQUIREMENTS 
LIST (METRL) 

The Metrology Requirements List (METRL), 
NAVAIR 17-35-MTL-l, is prepared and dis- 
tributed each April and October by the MEC for 
use by personnel concerned with the Navy 
METCAL Program. 

The METRL is an authoritative reference and 
contains data applicable to calibration of Navy 
TAMS and standards. You will use the METRL 
as a reference to inform you of the calibration 
interval for your equipment. 

The METRL is divided into several separate 
sections. There are several different ways that you 
can use this list. If you just want to look up a 
generic calibration interval for, let's say a 
collimator, you would go to section 2, which lists 
calibration intervals by types of TAMS, look 
under collimator and find the collimator listed 
that fits a generic description of your instrument. 
It will list the generic calibration interval and any 
additional remarks. Section 3 provides all known 
calibration requirements for the Navy and Marine 
Corps TAMS. This section's data is arranged in 
seven columns: 

1. model number, 

2. CAGE code, 

3. MEC manufacturer's code, 



4. description, 

5. calibration interval, 

6. calibrate at, and 

7. approved calibration procedure. 

For example, if you wanted to know the 
calibration interval of your Mk 4 Mod 
collimator and what approved calibration 
procedure is used, you could look up the model 
number (in this case, Mk 4 Mod 0) and it will tell 
you what calibration interval is required (12 
months) and what procedure to use (none listed). 

You may assume that items of equipment not 
listed in section 3 require calibration until a 
determination is made. 



METROLOGY AUTOMATED 
SYSTEM FOR UNIFORM RECALL 

AND REPORTING (MEASURE) 
USER'S MANUAL 

This manual outlines the procedures that 
apply to Navy calibration facilities using 
the MEASURE system. The basic objective 
of this user's manual is to provide you 
the necessary information you will need to 
effectively use the system. For example, the 
manual provides information about filling out 
a METER card and different calibration schedule 
formats. 



COLLIMATORS FOR 
OPTICAL INSTRUMENTS 

This publication discusses all standard 
collimators designed for collimating various 
instruments. It is concerned with the tools 
necessary to collimate an optical instrument, 
proper maintenance of these tools, and alignment 
of the collimator itself before collimating an 
instrument. 



FORMS USED WITHIN THE 
CALIBRATION PROGRAM 

Let's say you turn around one day and 
you are the work center supervisor. The 



worst case scenario is that you have no 
idea of what some of the paper work is 
that you find piled up on your new desk. 
Part of the paper work you find on your 
desk is a stack of multi-page forms. You 
have no idea what they are and what you 
are supposed to do with them. Along with 
the forms is a computer generated printout 
of items you know belong in your shop, 
accompanied by a lot of strange numbers 
and dates. What to do? Don't worry. Simply 
familiarize yourself with the various forms 
used in the calibration program. In the follow- 
ing paragraphs we will briefly discuss various 
forms that, after you finish reading, will help 
you to supervise the calibration of your shop 
instruments. 

The purpose of the recall schedules you 
will receive is to list those items belonging 
to you that you must send to a calibration 
laboratory each period for calibration. Each 
schedule serves as a reminder to you, and 
also as a planning document for you and 
the laboratory performing the calibration. 
MEASURE recall schedules, for equipment 
other than those that are inactive or clas- 
sified as NCR, are generated each period 
and forwarded to you via the calibration 
laboratory. 



METROLOGY EQUIPMENT 
RECALL AND REPORT 

(METER) CARD 

The METER card, either preprinted by the 
MEASURE Operational Control Center (MOCC) 
or handprinted by the customer activity, is 
the source of all data within MEASURE 
after the submission of the initial inventory 
forms. It contains all information necessary 
to identify a single piece of TAMS equip- 
ment and to update the data base. It can 
be used to record a calibration action, to 
add or delete equipment in the inventory, 
to reschedule equipment for calibration at 
other than the prescribed time, to transfer 
custody of equipment from one activity to 
another, or strictly to record man-hours for a 
completed calibration. You will use this card 
when you turn in a piece of equipment for 
calibration or wish to add or delete a piece of 
equipment. 
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The METER card (fig. 4-1) is a five-part, 
color-coded form (the top part is the white copy) 
to which the equipment identification (ID) and 
receipt tag (fig. 4-2) is attached. Either you, the 
customer, or the calibrating activity may fill out 
the form. If the form is preprinted by a computer, 
the data included will be the model number, 
nomenclature, serial number, and other informa- 
tion stored in the MEASURE data bank. 

Calibration activity personnel use METER 
cards attached to equipment you turn in for 
servicing to record and report the results of 
the calibration or servicing of each piece of 
equipment. The completed METER card is used 
to update the data base. You will be sent, via the 
calibration laboratory, a replacement METER 
card along with the necessary reports (format 310 
or 802). 

The white copy of the completed METER card 
is forwarded to the MOCC where the informa- 
tion is keypunched into a computer to update the 
MEASURE data base. The new information is 
then printed on another METER card and sent 
to the customer activity to be used for the next 
required transaction. The pink copy will be 
returned to you for your file. 

It is your responsibility to ensure that the 
applicable METER card is attached to each item 
you submit to the calibration activity for calibra- 
tion or repair. No equipment will be inducted 
into calibration activities reporting under 



MEASURE unless it is accompanied by a 
preprinted, or handscribed, METER card. You 
will normally use handscribed METER cards 
when you want to add equipment to your 
inventory, but you may also use them in other 
instances when a preprinted METER card is 
unavailable. If you or your personnel are required 
to make entries on the METER card, remember 
that computers cannot think. Accurate data, 
completeness, and legibility in filling out the 
METER card are essential. To reduce errors to 
a minimum, if you enter data onto handscribed 
METER cards, obtain as much data from your 
format 802 or 310 as possible. When you use 
preprinted cards, take care also to fill out 
the remainder of the blocks on the card. If you 
have any questions, the calibration laboratory 
personnel will assist you in filling out the required 
information, as well as checking it for accuracy 
and completeness. 

EQUIPMENT IDENTIFICATION 

AND RECEIPT TAG 

The ID tag, attached to the METER card, 
bears the same control number as the METER 
card. Like the METER card, it is a five-part, 
color-coded form. Again, it may be preprinted. 

Blocks A, B, C, D, and E of this form 
contain the same information that is contained 
in blocks 1, 3, 4, 9, and 11 of the METER card. 
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Figure 4-2. Equipment identification and receipt tag. 
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This information is used to identify the equipment 
being calibrated. Both block T of the ID tag and 
block 5 of the METER card identify the customer; 
however, this information is abbreviated on the 
METER card. 

You will receive one copy, usually the pink 
one, of the ID tag as a receipt when you turn in 
the equipment for calibration. The other four 
copies are kept by the calibrating facility. Unlike 
the METER card, no part of the ID tag is sent 
to the MOCC. The MOCC automatically enters 
this information when it preprints the METER 
card. 

It is a good idea to keep the METER cards 
you receive and the ID tags in a folder along with 
the format 802 or 310. This way, you will know 
what equipment you need to take in for calibra- 
tion and what equipment is still out being 
calibrated. Retain the copies until the next 
calibration. 



OPNAV 4790/2K AND OPNAV 4790/2L 

If you know and follow the detailed 
procedures outlined by your TYCOM, METCAL 
group, and area MOCC for calibration of equip- 
ment, you will have serviced and calibrated test 
equipment available when you need it. However, 
if you want to request calibration, you can use 
the following steps, which are general but should 
apply in most cases: 

1. Read and familiarize yourself with the 
instruction concerning equipment calibra- 
tion procedures set forth in your TYCOM 
maintenance manual and the MEASURE 
User's Manual. 

2. Use the MEASURE products to determine 
the calibration due dates. 

3. If your ship has a field calibration activity 
on board, use it to perform calibration on 
equipment within its calibration-package 
capability. TYCOMs stress that calibration 
must be done at the lowest level and that 
it be closely monitored. 

4. Prepare an OPNAV 4790/2K to request 
repair or calibration. You can either 
submit a single 4790/2K to request repair 
and calibration of a single unit or submit 
a 4790/2K with a 4790/2L attached when 
you request calibration of a large quantity 
of test equipment. 

5. Submit the paper work to the appropriate 
activity for items to be calibrated. 



Guidelines for filling out these forms are 
contained in the Maintenance and Material 
Management (3M) Manual. Note that the type of 
request documents and procedures may differ 
depending on your TYCOM 's guidelines. 

FORMAT 310 

This format (fig. 4-3) is your MEASURE 
inventory of all items, including overdue and delay 
items. It will be forwarded to you by the MIRCS 
laboratory for your information and for you to 
correct, if necessary. If you need to add, delete, 
or correct the information on this format, you will 
need to submit a METER card with the necessary 
information, or have the calibration laboratory 
personnel submit the information on the add-on- 
inventory form. 

Format 310 is, by far, the MEASURE 
program's best management tool for the test 
coordinator's use in managing the command's test 
equipment inventory. To make best use of this 
tool, you should take the following actions: 

1. Thoroughly review the format 310 each 
month. 

2. Annotate the format 310 as status changes 
occur for equipment that has been cali- 
brated, deleted, sent for repair, added to 
inventory, delayed, surveyed, inactivated, 
and so on, during the month. 

3. Carry these annotations forward to 
succeeding format 310s, until the change 
is reflected on a new format 310. 

4. If changes in equipment status are not 
reflected on the new monthly format 310 
within 60 days of the transaction date, 
resubmit necessary MEASURE METER 
cards (hand scribed) to correct the 
discrepancy. 

FORMAT 802 

Format 802 is the recall schedule. This format 
is updated and distributed monthly. It is sequenced 
by customer activity, by subcustodian, and by 
calibration laboratories. This is one of the forms 
you will use to help you determine when your 
equipment is due for calibration. 

The MEASURE system is a tool for your use. 
It is only as good as the information that is put 
into it. Therefore, it is important that all 
information be thoroughly legible, accurate, and 
consistent. 
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CALIBRATION LABELS AND TAGS 

We talked in an earlier chapter of your 
responsibility as a supervisor to ensure that your 
personnel use properly calibrated instruments 
when they do repair work and tests. You are also 
responsible for ensuring timely calibration of your 
equipment. You will need to understand the need 
for and use of the various calibration labels and 
tags you will find affixed to your instruments. We 
will discuss in the following paragraphs some of 
the labels and tags you, as a supervisor, must 
ensure are on your equipment and are within 
proper calibration interval. 

The Navy Calibration Program has a series of 
distinctive labels and tags for indicating the 
calibration or serviceability status of all Navy test 
and measuring equipment. All equipment users 
should be familiar with each label and tag and 
its meaning. Labels of different nomenclature, 
color combinations, and shapes have been 
designed to help users identify the calibration 
status. These labels and tags are used by all 
participants in the Navy METCAL program and 
are affixed to all Navy standards and test and 
measuring equipment. Each label and tag affixed 
by the IMs is placed in a conspicuous spot. Only 
equipment actually used for quantitative measure- 
ments requires calibration. 

In addition to the label, in the case of a special 
calibration or reject items, a servicing tag, stating 
the reason for either the special calibration or 
rejection, is attached. Ensure that your personnel 
have knowledge of both the tags and the labels. 
Remember personnel should not use measuring 
instruments that are not properly calibrated. In 
the following sections, we will discuss the labels 
and the tags, and the criteria for their use. 

Test and measuring instruments are delicate, 
precise, and calibrated items of equipment that 
are usually expensive and in high demand. 
Improper stowage, rough handling, heat, moisture, 
dust, and such affect the availability and life of 
test equipment. Bumping or dropping an item 
may destroy the calibration of a meter. 

Board of inspection and survey (INSURV) 
inspections have documented time and time again 
that the problem of inadequate stowage facilities 
for test equipment continues to exist on ships. 
Degradation of equipment often results from both 
the unofficial rearrangement of test equipment 
stowage facilities by fleet personnel and inadequate 
provision for proper stowage following ship 
alteration installations. As senior personnel, our 
job is to ensure that "our" test equipment is 



stowed and used properly and that our ship is not 
one of the ships with documented test equipment 
stowage problems. 

The following are general stowage guidelines 
that you need to know: 

Stow your test and measuring instruments 
in a dry place with protective cover (if 
provided). 

Remove personal items from facilities 
designated for test equipment stowage. 
Such stowage facilities should not be used 
for any purpose other than stowing of test 
equipment. 

% Test equipment that is too large for shelf 
storage should be kept in storage cases, 
and tie-downs should be provided to secure 
the cases. 

Take care of your precious test and mea- 
suring instruments. Correct handling and stowage 
is essential so you will have your equipment 
available and in good condition when you need it. 

CALIBRATED LABEL 

This label (black lettering, white background) 
(fig. 4-4), comes in two different sizes, and is the 
most commonly used label in the Navy METCAL 
program. It indicates that the instrument to which 
it is affixed is within its applicable tolerance on 
all parameters. If there are any qualifying 
conditions for use of the instrument, one of the 
other labels will be used. You will find one of 
these labels affixed to your micrometers. 

INACTIVE LABEL 

If an individual instrument due for recalibra- 
tion is not expected to be used for some time in 




CALIBRATED 



DATE. 

DUE _ 



FORM NO. 4855/1A 
Figure 4-4. Calibrated label, form no. 4855/1A. 



4-12 



/T^^ 



NAVY 
METCAL 
PROGRAM 



CALIBRATE 
BEFORE USE 



DATE. 



GREEN LETTERING 

ON WHITE 
FORM NO. 4355/11A 

Figure 4-5. Inactive label, form no. 4355/11A. 



the future, recalibration may be indefinitely 
postponed by having an inactive label (green 
lettering, white background) (fig. 4-5) affixed to 
the instrument. The inactive label must remain on 
the instrument until the instrument is recalibrated. 
You must ensure that the instrument is NOT used 
while it bears the inactive label. It must be 
calibrated before it can be used. Inactivation of 
equipment occurs most commonly when a ship 
is in an overhaul status and the test equipment 
has been removed from the ship and locked in an 
environmentally safe place. 

CALIBRATION NOT 

Standards and TAMS not requiring calibra- 
tion are shown as NCR in the Metrology 
Requirements List (METRL). The no calibration 
required label (orange letters, white background) 
(fig. 4-6) will be affixed to and should remain on 
the instrument until its calibration requirements 
change. When an instrument is not listed in the 
METRL as NCR, the following criteria must be 
used for placing the instrument in the calibration 
not required category: 

1 . The instrument does not make quantitative 
measurements nor does it provide quantified 
outputs. 

2. The device is "f ail-safe'' in that any 
operation beyond specified tolerances will 
be apparent to the user. 

3. All measurement circuits are either 
monitored by calibrated instruments during 
their use or are dependent on external, 
known or calibrated, sources for perform- 
ance within required limits. 

When it is determined that an instrument falls 
into the calibration not required category, the 
label is annotated with the name of the authority 
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Figure 4-6.- Calibration not required, form no. 4355/10A. 



CALIBRATION 

VOID IF 
SEAL BROKEN 



FORM NO. 4355/14 



Figure 4-7. Calibration void if seal broken, form no. 
4355/14. 



on which the decision was based, such as METRL, 
technical manual, letter, or message from higher 
authority. In the case of instruments that normally 
require periodic calibration but are not used to 
perform quantitative measurements, the label 
should bear the notation "Not used for 
quantitative measurements . ' * 

CALIBRATION VOID IF 
SEAL BROKEN LABEL 

This label (black lettering, white background) 
(fig. 4-7) is placed over readily accessible (usually 
exterior) adjustments to prevent tampering by 
the user when such tampering could affect the 
calibration. You will see a label like this on a 
multimeter. The label must not cover any 
adjustments or controls which are part of the 
normal use and operation of the instrument. This 
label is also used to prevent removal and 
interchange of plug-in modules, subassembiies, 
and so forth, when such removal or interchange 
can affect the calibration. 

REJECTED LABEL AND TAG 

In the event an instrument fails to meet the 
acceptance criteria during calibration and cannot 
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Figure 4-8. Rejected label, form no. 4355/12A. 



be adequately repaired, the calibration laboratory 
will place a rejected label (black lettering, red 
background) (fig. 4-8) on the instrument. They 
will remove all servicing labels. In addition to the 
rejected label, the laboratory will also affix to the 
instrument a rejected tag. The tag will give the 
reason for rejection and any other pertinent 
information. The rejected label and tag must 
remain on the instrument until it is repaired and 
recalibrated. Ensure your personnel DO NOT use 
the instrument while it bears the rejected label and 
tag! 



SUMMARY 

In this chapter we have introduced you to 
various aspects of the Navy Calibration Program 
and how it affects you, not only as a senior 
Opticalman but also as a work center supervisor. 
You should now have a better understanding of 
the terms used when discussing the calibration 
program and its components. You should also 
be more familiar with the various special 
publications used within the calibration program 
and how, if you use them effectively, they 
should make one part of your job as a supervisor 
easier. In this chapter we have also discussed 
the METER card and the calibration formats 
which may arrive on your desk. They should 
no longer be foreign to you, and if they are, 
you should now know which publication or 
instruction you can read to become more familiar 
with them. 

We also discussed the need for and use of the 
calibration labels and tags you will see on your 
measuring instruments. Hopefully, you can now 
train your personnel properly in calibration 
requirements. 



CHAPTER 5 

OVERHAUL WORK PACKAGES 



Ships can operate only a certain length of 
time without repairs. To keep a ship in prime 
condition, constant attention must be given to 
material upkeep. Appropriate intervals of time 
must be allotted for general overhaul and repair. 
Even when regular maintenance procedures are 
carefully observed, accidents and derangements 
may make emergency repair work necessary. 
Repairs and alterations to naval ships that are 
beyond the capacity of a ship's force may be done 
by other repair activities ashore, such as 
shipyards. The assignment of repair work beyond 
the capacity of the ship's force is usually based 
on the type of work requested, the availability of 
funds, and the workload of available repair 
activities. 

The placement and administration of contracts 
for the repair or overhaul of naval ships at private 
shipyards are functions of an officer of the 
Supervisor of Shipbuilding (SUPSHIP). 

More than likely at some time in your career, 
you will be attached to a ship that will be assigned 
some kind of availability during an overhaul. 
You, as a senior Opticalman, will be responsible 
for handling the preoverhaul planning require- 
ments for your shop or work group, as well as 
preparing an overhaul work package. 

You will also be responsible for training your 
personnel, both before and during the overhaul. 
Most of the junior personnel in your shop or work 
group probably have never been involved in a yard 
period. You must prepare them for the special 
requirements that go along with the yard period. 

You must also be familiar with the pre- 
overhaul test and inspections required by the 
ship prior to starting an overhaul. You will 
need to develop and post changes to the Ship 
Configuration and Logistics Support Information 
System (SCLSIS). 

In this chapter we will discuss the various 
aspects of an overhaul. We will also discuss the 
difference between a repair and an alteration, as 
well as the various types of repairs and alterations 
you may participate in as a member of a seagoing 



vessel. Finally, we will discuss the availabilities 
assigned naval ships and the procedures for doing 
the shipwork (alterations and repairs) associated 
with ship availabilities. By reading this chapter, 
you will become more familiar with the different 
aspects of an overhaul, such as the paper work 
involved. 

Before proceeding with the sections covering 
availabilities, SCLSIS, and so forth, we need to 
define repairs and alterations. 



REPAIRS AND ALTERATIONS 

Work done to repair and improve ships may 
be divided into the general categories of 

1. repairs and 

2. alterations. 

In the following paragraphs we will discuss the 
differences between the two. You should be very 
familiar with repairs since that is our mission in 
the Navy. We will, however, briefly discuss repairs 
so you can readily see the difference between a 
repair and an alteration. 

REPAIRS 

A repair is defined as the work necessary 
to restore a ship or an article to serviceable 
condition without change in design, in materials, 
or in the number, location, or relationship of 
parts. Repairs may be made by ship's force, by 
repair ships and tenders (you), or by naval 
shipyards or other shore-based activities. 

ALTERATIONS 

An alteration is defined as any change in the 
hull, machinery, equipment, or fittings that 
involves a change in design, in materials, or in 
the number, location, or relationship of the parts 
of an assembly, regardless of whether it is 
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undertaken separately from, incidental to, or in 
conjunction with repairs. Changes in allowances 
of are alterations and should 

be as such. 

The word approve in connection with an 
alteration indicates the command's endorsement 
of the proposed change. Command approval is 
published in letters of technical instruction or 
SHIPALTs. Approval alone, however, -does not 
constitute authority to proceed with the work. The 
word authorize is used when permission is granted 
for the work and for the allocation of funds to 
the ship during a period of availability. 

Requests for alterations may originate from 
the fleet, from the Naval Sea Systems Command 
(NAVSEASYSCOM), or from the Chief of Naval 
Operations (CNO). Alterations must be authorized 
by competent authority (NAVSEA, NAVORD, 
and so on). The two types of alterations that are 
of primary concern to you are NAVALTS and 
SHIPALTS. A NAVALT is an alteration that 
affects the military characteristics of a naval 
ship. This may be approved only by the CNO, 
who also establishes its relative priority for 
accomplishment. 

Alterations not affecting military characteristics 
may be approved by their cognizant command. 
These types of alterations are known by such 
names as 'SHIPALTs and ORDALTs. In general, 
these alterations concern matters of safety, 
efficiency, economy of operation or upkeep, and 
health and comfort of personnel. The command 
concerned determines whether or not military 
characteristics are involved. 

A SHIP ALT is an alteration to a particular 
class of ship, such as DDGs, ADs, ASs, and so 
on. Each SHIP ALT is under the technical 
cognizance of NAVSEA regardless of whether or 
not it affects the military characteristics of the 
ship. Thus an alteration might be only a 
SHIP ALT or it might be both a SHIP ALT and 
a NAVALT. The same principle applies to 
alterations under the technical cognizance of other 
systems commands. For example, an ORDALT 
(ordnance alteration under the cognizance of 
NAVORD) might only be an ORDALT or it 
might be an ORDALT and a NAVALT. Through 
its day-to-day relations with the forces afloat, 
naval shipyards, private industry, and research 
centers, NAVSEA remains up to date on technical 
developments. In striving to maintain the ships 
of the fleet in as efficient and modern a state 
as possible, NAVSEA may determine that a 
particular ship or class of ships should be altered. 



such as changes to bulkheads that will strengthen 
them or changes to deck arrangements that will 
provide space for the installation of a paint 
mixing and issue room. 

Another source of alterations is the ship's 
commanding officer. When the commanding 
officer considers an alteration necessary for 
improving the performance of the ship, he or she 
sends a request for the alteration to NAVSEA via 
the administrative chain of command. NAVSEA 
then sends copies of the request to all the 
other ships of the same class for comments on 
applicability. 

Still another source of alteration is the reports 
of the Board of Inspection and Survey (INSURV). 
When the board completes a material inspection 
of a ship, it issues a report on the general 
condition of the ship and its suitability for 
further naval service. This report furnishes a list 
of repairs and alterations, which, in the board's 
opinion, should be made. NAVSEA normally will 
not act upon alterations recommended by the 
INSURV board until it receives appropriate 
comments from the commanding officers of 
similar ships and the recommendations of the type 
commanders (TYCOMs). 

Terms Associated With Navy Alterations 

Approved alteration A proposed change that 
has command endorsement but lacks funding and 
a start date. 

Authorized alteration An approved alteration 
that also has funding and a start date. 

Alteration equivalent to a repair An alteration 
that meets one or more of the following con- 
ditions: 

1. The use of different materials that have 
been approved for like or similar use and 
are available from standard stock 

2. The replacement of obsolete, worn-out, or 
damaged parts, assemblies, or equipment, 
requiring renewal by those of later and 
more efficient design previously approved 
by the systems command concerned 

3. The strengthening of parts that require 
repair or replacement to improve the 
reliability of the parts or the unit, provided 
no other change in design is involved 

4. Minor modifications involving no signifi- 
cant changes in design or functioning of the 
equipment but considered essential to 
prevent recurrence of unsatisfactory con- 



5. The replacement of parts, assemblies, or 
equipment with like items of later or more 
efficient design when the cost of installation 
and maintenance of the new parts, 
assemblies, or equipment is less than the 
cost of maintaining the installed parts, 
assemblies, or equipment 

NOTE: Only the systems command exercising 
technical control over the article, or the authority 
to whom such technical control has been delegated 
by that command, may designate an alteration as 
equivalent to a repair and approve it. 

Machinery alteration (MACHALT) A kit 
concept that enables hull, machinery, and elec- 
trical (HM&E) changes to be made expeditiously, 
eliminating these changes from the formal 
SHIP ALT process. A MACHALT is a planned 
change, modification, or alteration of any HM&E 
equipment in service (shipboard or shore 
activities) that the MACHALT Configuration 
Control Board (CCB) has determined meets all 
of the following conditions: 

Can be done without changing other 
equipment attached to the equipment or 
system 

Is a modification made within the equip- 
ment boundary or is a direct replacement 
of the original equipment design 

Can be done without the ship being in an 
industrial activity 

Will be done individually and not along 
with a SHIPALT or another MACHALT 

Military alteration An alteration that changes 
or improves the military characteristics of a ship. 
These alterations are managed by the CNO. 

Technical alteration An alteration that affects 
safety, maintainability, reliability, or system 
performance. These alterations are managed by 
the Chief of Naval Material (CNM). 

Programmed alteration An alteration sched- 
uled by CNO in the Fleet Modernization Program 
Management Information System (FMPMIS)for 
one or more specific hulls in a specific fiscal year. 

Ship alteration (SHIPALT) An approved 
change to the hull, machinery, equipment, or 
fittings that involves change in design, materials, 
number, location, or relationship of the compo- 
nent parts of an assembly. SHIPALTs are listed 



according to priorities (A, mandatory; B, essential; 
and C, desirable), compiled as type priority 
lists, and forwarded to cognizant TYCOMs for 
information. TYCOMs review outstanding 
approved alterations annually and initiate action 
to cancel those no longer considered essential. 

Priority lists are also forwarded to the 
cognizant naval shipyards, who provide guidance 
in advance planning, proceed with design, procure- 
ment, and installation work, and resolve conflicting 
demands upon personnel and facilities. 

SHIPALTs are divided into four title 
categories (A, D, F, and K) and are defined as 
follows: 

Title A alteration An alteration required 
for certain ships under construction and 
conversion in which authorization is 
anticipated, during the obligation period, 
under construction funds. Title A SHIP- 
ALTs are authorized by COMNAVSEA- 
SYSCOM and are funded under Ship 
Construction, Navy (SCN) as investment. 

Title D alteration An alteration equivalent 
to a repair, approved by NAVSEA. These 
alterations do not require special program 
material. They can be done by either 
ship's force or an industrial activity, 
or both. Title D ship alterations are 
authorized by the TYCOM, who will 
provide the installation costs, except 
Defense Supply Agency (DSA) and 
Coordinated Shipboard Allowance List 
(COSAL) costs. 

Title F alteration A minor alteration that 
can be done by forces afloat and that does 
not require special program material 
or centrally procured material. Title F 
alterations may only be authorized by 
TYCOMs, who must fund all costs except 
DSA and COSAL costs. 

Title K alteration An alteration that 
changes the military or technical character- 
istics of the ship. Normally, all installations, 
alterations, and O&MN (Operation and 
Maintenance, Navy) material costs are 
borne by NAVSEA from the Fleet 
Modernization Program (FMP). Title K 
alterations may only be authorized by 
NAVSEA according to the procedures 
contained in NAVSEAINST 4720.3. 
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Alteration requests addressed to NAVSEA are 
endorsed by the TYCOMs (or other administrative 
commanders, as appropriate), with their recom- 
mendations on approval, classification, and 
applicability to other ships. Copies of the basic 
request and endorsements are forwarded to other 
TYCOMs, who are requested to comment for 
NAVSEA. 

SHIP ALT Authorization Letters 

SHIP ALT authorization letters specify to the 
installing activity the alterations that are to be 
made during an availability. They are issued by 
the cognizant ships' program manager (SPM) and 
contain a list of all authorized alterations, material 
status, development status of the alteration, 
funding information, and pertinent instructions. 

Thus a SHIP ALT authorization letter serves 
three purposes: 

It provides the program authorization for 
alterations specifically programmed in the 
FMP. 

It provides NAVSEA with planning 
estimates for the program authorized. 

It provides procurement and requisitioning 
instructions for the material required for 
the alteration. 

The SPM forwards separate SHIPALT 
authorization letters for each ship scheduled for 
an availability to the cognizant naval shipyard 
commander 360 days before the start of the 
availability. SHIPALT authorization letters for 
availabilities scheduled for commercial facilities 
are sent to the cognizant SUPSHIP 360 days 
before the start of the availability. Each 
SHIPALT authorization letter contains specific 
instructions for reporting estimated man-day and 
dollar expenditure rates, material costs for 
alterations, and program reports required by FMP 
financial management procedures. 

The SPM includes total planning estimates of 
funds authorized for title K alterations in a 
SHIPALT authorization letter; these estimates are 
not to exceed programmed FMP funds. 



SHIP AVAILABILITIES 

An availability is a time period during which 



can be made or maintenance can be performed 
on the ship or its equipment. Every time we repair 
an item for a tended vessel, that vessel is under- 
going an availability with us. During certain 
availabilities, a ship may be incapable of engaging 
in fleet operations. In such situations, its operating 
schedule is adjusted accordingly. Only the authority 
granting the availability can alter or extend the 
period of the availability; however, a repair 
activity may request that the ship's availability be 
extended so that work can be completed or recom- 
mend a completion date to the authority granting 
the availability. 

There are various types of availabilities, each 
depending on the purpose of the assignment. The 
types of availabilities are described in the 
following paragraphs. 

REGULAR OVERHAUL (ROH) 

A regular overhaul (ROH) is an availability 
for making general repairs and alterations at a 
naval shipyard, a private shipyard, or another 
shore-based repair activity. An ROH is normally 
scheduled during an established cycle. All ships 
of the fleet are assigned ROH periods for 
maintenance and improvement. These periods 
usually vary in length from 2 months for small 
ships up to 18 months for the larger complex 
ships. During the ROH period, work pertaining 
to repairing, docking, and altering ships is 
performed by the shipyard force. The time 
interval between ROHs varies from 2 years to 5 
years, each interval being the maximum period 
allowable while still keeping the ship in fighting 
trim. 

An analysis of the problems of building, over- 
hauling, or converting ships reveals that for all 
three periods the following factors play essential 
roles: 

The ship must be available for the un- 
interrupted accomplishment of yard work. 
(The term associated with this is 
availability.) 

The contemplated work must be decided 
upon, arranged in order of priority, and 
actually authorized to be performed. 

Funds must be available in sufficient 
amount to cover the cost of the work. 

Material must be available. 

41 Personnel must be available to perform the 



COMPLEX OVERHAUL (COH) 

A complex overhaul (COH) is an overhaul 
that, because of funds, time, or manpower 
constraints, or the complexity of the various 
ship subsystems involved, requires extraordinary 
coordination and detailed management of the 
planning and industrial phases of the overhaul. 
Most OMs do not serve on a ship that will undergo 
a COH. 

SELECTED RESTRICTED 
AVAILABILITY (SRA) 

A selected restricted availability (SRA) is an 
availability for making repairs and selected 
alterations at depot and intermediate level 
maintenance activities. These availabilities are for 
doing work required to sustain the material 
condition of the ship between overhauls, 
particularly for ships on extended operating 
cycles. SRAs are used exclusively for required 
depot level maintenance of ships on progressive 
or incremental overhaul schedules. SRAs are 
short, labor-intensive availabilities generally 
scheduled at specific times throughout a ship's 
operating cycle. They are scheduled sufficiently 
in advance to ensure that advanced planning time 
and funds are used effectively. 

PHASED MAINTENANCE 
AVAILABILITY (PMA) 

A phased maintenance availability (PMA) is 
a short, labor-intensive availability for making 
general repairs and alterations at depot level 
maintenance activities. Ships assigned to phased 
maintenance programs are maintained through 
PMAs instead of ROHs. 

RESTRICTED AVAILABILITY (RAV) 

A restricted availability (RAV) is an availability 
during which specific items of work are done by 
a repair activity, normally with the ship present. 
During this period the ship cannot fully perform 
its assigned mission and tasks because of the 
nature of the repair work. (This availability 
applies to shipyards only.) A commanding officer 
normally requests an RAV for the repair of a 
specific item. If additional urgent repairs requiring 
shipyard work are discovered after the ship is in 
the yard, the ship's commanding officer must 
request authorization from the TYCOM. (RAVs 
are assigned by TYCOMs.) Additional repairs 



may be undertaken during an RAV, provided they 
can be done within the time required to repair the 
specific items for which the availability was 
requested and funds are available. Routine 
shipyard repairs, however, will not be performed 
during an RAV. They will be deferred until the 
ship's ROH. 

TECHNICAL AVAILABILITY (TAV) 

A technical availability (TAV) is an availability 
during which specific items of work are done by 
a repair activity, normally at a naval base, without 
affecting the ship's ability to fully perform its 
assigned mission and tasks. 

VOYAGE REPAIR (VR) 

A voyage repair (VR) is emergency work 
necessary to enable a ship to continue its mission 
and that can be completed without requiring a 
major change in the ship's operating schedule. 

For detailed information on these topics, refer 
to Maintenance of Ships; Policies and Procedures, 
OPNAVINST 4700.7. 



PREOVERHAUL INSPECTIONS 

The success of an overhaul depends upon the 
planning effort that has gone into preparation, 
such as defining what is to be accomplished 
during the overhaul. This is where your input and 
years of experience are very important. Is there 
any piece of equipment you want moved into or 
removed from your optical shop? Is there any 
equipment, such as a new drill press or milling 
machine, that you think your shop needs and 
presently does not have? Now may be the only 
time you can obtain these items. 

Whenever possible, a naval shipyard will send 
representatives from the planning department 
and, in some cases, the production department 
to inspect the ship before its arrival at the shipyard 
for an overhaul. The pre-arrival inspection affords 
the shipyard personnel an opportunity to check 
plans against the ship to determine their 
applicability; determine what design services, 
specifications, or changes are necessary; determine 
the special material that will be required; discover 
any unusual problems that may be encountered; 
check jobs to determine whether preliminary 
estimates agree with the actual work to be 
performed; and conduct a pre-arrival conference 
with the ship's officers and the TYCOM's 
representative. 
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You will need to assign one or two of your 
most knowledgeable petty officers to individual 
inspectors to make sure that current ship 
conditions are reflected in the inspector's report. 
Ensure they have an understanding of the scope 
of their responsibility as far as what they are to 
do when they accompany the inspector and the 
reason for it. 

ADVANCE PLANNING 

The advance planning stage of the ROH 
begins approximately 18 months before the 
scheduled beginning of the overhaul. During this 
stage, the plans progress from the very rough to 
a refined and definite schedule. In the broad sense, 
advance planning provides a solid foundation for 
the work done on naval ships in all shipyards. 

Advance planning on the part of the ship's 
personnel is necessary for a successful overhaul. 
The commanding officer must ensure that 
adequate plans and preparations are made for the 
following activities: 

1. Work of the ship's force 

2. Training of the ship's personnel during the 
overhaul 

3. Security of the ship's spaces, including 
protection against fire, flooding, theft, and 
sabotage 

All work within the capacity of the ship's force 
should be done by the ship's personnel. A 
schedule of this work should include the names 
of the persons responsible for performing the 
work, the estimated date of completion, the 
estimated man-hours required to do the work, and 
a list of the necessary materials or tools required 
from the yard to perform the work. 

Take a good look around your spaces. Is there 
a job you wanted to see completed to change some 
element in your space but you never had the time 
or the materials, and now you do? Does your deck 
need work? Is there a big piece of equipment you 
do not use and would either like to move to a 
storage area or just offload? If so, now is the time 
to see those things happen. 



TRAINING BEFORE AND 
DURING OVERHAUL 

Ship's force training for an overhaul period 
begins well before the ship arrives at the shipyard. 
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planning steps and milestones and includes 
training given by readiness training personnel and 
SUPSHIP briefings on contractual procedures 
and the relationships between ship, SUPSHIP, 
and contractor. There are several aids available 
during the preoverhaul phase, including the 
following: 

A series of videotapes on overhaul 
orientation, which cover all the major 
steps of the planning process and what is 
required of the crew. Some tapes are 
intended for petty officer viewing, some 
for work center supervisors, and some for 
both 

* A handbook entitled ROH/SRA/PMA 
for Commanding Officers, COMNAV- 
SURFLANTINST 4700.2A, which discusses 
planning and execution in detail, including 
lessons learned from past experience and 
pitfalls to avoid 

e Training covering the management of the 
ship's force during overhaul, including 
tracking, monitoring, and planning the 
most efficient use of ship manpower 

Plans for training during the overhaul period 
should outline the objective to be accomplished 
by the end of the period. Local training facilities 
and fleet schools should be used to the maximum 
degree possible within the guidelines for obtaining 
a good overhaul. 

As a work center supervisor or work group 
supervisor, you will be responsible for training 
personnel in special areas associated with an 
overhaul period, such as precautions against fire, 
flooding, theft, and sabotage. As a senior person, 
you may also have to train personnel in your 
watch section. As stated earlier, a lot of junior 
personnel have never gone through any type of 
overhaul period. This may be the first and only 
time they are exposed to an overhaul environment. 
You will need to ready them for the overhaul. This 
includes both training them in certain areas related 
to the overhaul, and getting them in an "overhaul 
frame of mind." There are certain categories of 
training which may start before an overhaul and 
continue during the overhaul. You will have to 
ensure your personnel receive training in the 
following areas: 

1. Security during an overhaul 



3. Firewatch training 

4. Inactive equipment maintenance (IBM) 
procedures 

5. New equipment training 

6. Item offloading 

7. Precautions against flooding 

8. Safety 

We will briefly discuss each training item in 
the following paragraphs. 

SECURITY DURING AN OVERHAUL 

Most ship personnel are usually unaware of, 
and unprepared for, the scope of the security 
problems which await them at the shipyard. An 
overhaul period is unlike any other venture for 
a ship's crew. A ship's crew is used to having the 
ship's force and, possibly, a few visitors from 
tended vessels onboard during a normal workday 
or duty day. However, that all changes when a 
ship undergoes an overhaul. Your ship will be 
inundated with all kinds of civilian shipyard 
workers, supervisors, and subcontractors. Items 
used for repair and the repair items themselves, 
which are normally deemed secure during a 
normal workday, have to be carefully monitored 
during the overhaul. 

Your personnel must be made aware that, 
during any overhaul, all kinds of civilian workers 
are doing work associated with the overhaul 
constantly (24 hours a day), anywhere on the ship. 
Spaces normally left unattended now will have to 
be attended so workers may do their work in the 
space. If yard workers are doing "hot work" in 
your space, regardless of the time and day, you 
must assign a person (either work center or 
division) to be in the space while the work is 
being done. If your space has an entry to a void 
and the workers must gain access, again, assign 
someone to be in the space while it is open. 
Remind the person not to leave the space while 
the work is being done. Remember, if you plan 
ahead and inform those personnel who need to 
watch shop spaces, you should eliminate trying 
to find someone at 0230 to open a locked space. 

Personnel should also be reminded, if even to 
the point of their being tired of hearing you say 
it, to lock up all pilferable items, such as tools 
and hand-held binoculars, when they are not 
being used or worked on. It is amazing the items 
that grow legs during an overhaul. You are 
responsible, as a work center supervisor, for the 
items brought into your shop for repair. That 
responsibility encompasses their safekeeping 



until they are turned over upon repair to the 
appropriate tended vessel. That safekeeping is still 
applicable during an overhaul, and maybe even 
more so due to the large number of strangers 
walking about the spaces. Senior personnel do not 
want to hear that you lost an item brought to you 
for repair, even if your ship is undergoing an 
overhaul. Obviously that is not an excuse. 

Another topic you need to remind your people 
about is security involving certain technical 
manuals. Again, we all know they have to be 
safeguarded, but it doesn't hurt to keep an extra 
eye out for them during the yard period. 

It is a good idea to at least discuss with your 
personnel the additional security checks they may 
have to perform during a watch or may have to 
endure themselves. Advise them of the reasons for 
these additional checks, such as checking yard 
workers' IDs. Responsibility for security of the 
ship against acts of sabotage or theft will rest 
largely with the security watches and inspectors 
of shipyard work. Be sure your personnel use tact 
in enforcing certain security measures to avoid 
offending shipyard personnel. Your watch and 
duty personnel can help prevent acts of sabotage 
best by being vigilant. Periodic patrols conducted 
at irregular intervals through ship's spaces and 
proper identification of all personnel boarding the 
ship are basic requirements for security. 

QUALITY ASSURANCE (QA) 
PROCEDURES 

For some private sector overhauls, you may 
have to assign one or two of your petty officers 
to augment the SUPSHIP QA organization. You 
will have to decide whom to send without leaving 
your work center or work group short handed of 
skilled workers. Whomever you assign should be 
E-5 or above, knowledgeable in the rating, 
mature, and, if possible, on board for the entire 
availability. The SUPSHIP will train whomever 
you choose in QA procedures, but detailed 
training is required before your selectees perform 
any QA functions. 

Even though you may have assigned one or 
two personnel to perform QA inspection functions 
during the overhaul, they will continue to report 
to you for all military and personnel matters. 

FIRE WATCHES 

The greatest continuous hazard to ships 
undergoing overhaul is fire. Disruption of fire- 
fighting facilities and burning or welding work in 
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progress are the most dangerous conditions 
contributing to fire hazards. The ship is 
responsible for providing properly instructed 
fire watches to each burning or welding job in 
progress aboard ship. 

Although a separate fire watch division may 
be set up for the overhaul, all hands should be 
aware of fire watch duties. It would not hurt 
to go over the basics of a fire watch, such as 
fire watch communication and where to obtain 
fire watch gear. You should also discuss 
new information concerning current shipyard 
directives on fires and firefighting, the location 
of shipyard fire alarm boxes closest to the ship 
and so forth. Even though this is a general damage 
control watch station, it may have been some time 
since your personnel stood a fire watch. To 
instill confidence in them, provide a little remedial 
training on fire watch fundamentals as well as 
training on new perils associated with fire and 
firefighting while the ship is in the shipyard. 



INACTIVE EQUIPMENT 
MAINTENANCE (IEM) 

Even though IEM is covered in the Ship's 
Maintenance and Material Management (3-M) 
Manual and your personnel should have an 
understanding of the basics of IEM, an overhaul 
period might be the first chance they get to see 
how IEM works. IEM training will better enable 
them to carry out the requirements detailed in the 
manual. 

IEM began in 1974 as a method for reducing 
PMS requirements during overhauls, availabilities, 
and other extended periods of equipment inactivity. 
Just because you may not be using a piece of 
equipment does not mean you can ignore it. If, 
for example, you will not be using your lathe 
during an overhaul, you should use IEM and PMS 
to provide modified maintenance for the lathe to 
prevent it from deteriorating during the inactive 
period. 

Since most of your junior personnel have 
probably never used the lay-up maintenance, 
periodic maintenance, or start-up maintenance 
requirement cards (MRCs) and may not have any 
idea how IEM relates to PMS, you may want to 
do some basic 3-M training (of course, being a 
good supervisor, you have already incorporated 
3-M training into your lesson plan rotation). 

For more information on IEM, refer to the 
Ship's Maintenance and Material Management 



NEW EQUIPMENT TRAINING 

It is quite possible that the equipment you 
ordered eons ago will finally arrive at your shop 
during the overhaul. What better time to install 
a new piece of equipment than when the ship is 
torn apart? So now you have a new piece of 
equipment and the task of training your personnel 
on the ins and outs of its capabilities. The best 
thing to do is, of course, read the operator's 
manual so you can train your personnel properly. 
No one should ever operate a piece of equipment 
without proper indoctrination. 

You may have to give this training to your 
people ashore during overhaul, but you may have 
to send them to special schools to acquire 
operational or maintenance skills. Once you have 
trained your personnel on the equipment, you will 
need to develop a training plan to use for refresher 
training as well as for indoctrinating newly 
reported personnel. Lesson plans were discussed 
in chapter 1. 



OFFLOAD ITEMS 

When a ship enters a shipyard, a previously 
developed comprehensive offload and storage 
plan must be placed in effect immediately to avoid 
confusion and lost man-hours and material. If not 
there may be a possible delay in the start of 
overhaul work. Storage space requirements for 
ship material, including dry, flammable, and 
secure storage, must be defined well before the 
ship enters the shipyard. 

How do you fit into this as a supervisor? You 
may have to remove some, most, or all of your 
flammable materials from the ship before it enters 
the shipyard. You must be prepared to remove 
and account for all of your materials. A secure 
storage container may be placed on the pier or 
somewhere in the shipyard, in which you can place 
your flammable materials. You may be able to 
keep some flammable materials aside if you are 
still in an availability status. However, only those 
materials being used during the repair effort will 
be available for use. 

You need to have your senior petty officers 
take stock of what materials you have on hand 
and figure out how much you will be using. 
Your past experiences will come in handy for 



PRECAUTIONS AGAINST FLOODING 

The possibility of spaces flooding through sea 
connections or through leaks in piping systems 
must not be overlooked. The security plan should 
require frequent inspections to be made of all 
unattended spaces in which the possibility of 
flooding exists. Ensure your personnel know what 
to do if they spot flooding. 

SAFETY 

Last, but by no means least, we will discuss 
safety. All hands must always be safety conscious 
while onboard ship. However, before and during 
an overhaul, safety cannot be stressed enough. 
There should be a preoverhaul safety seminar 
presented to all hands to point out the items of 
safety that they should be aware of during the 
overhaul. Again, remember that most of the crew 
probably has not been involved in an overhaul of 
any kind. 

You need to reinforce the basic ideas of safety, 
as well as what safety hazards can be expected 
during the overhaul. Your personnel need to be 
aware of potential hazards, such as 

@ portions of decks missing (reinforce 
watching where you walk), 

LP air lines running throughout the ship 
creating a trip hazard as well as an 
overhead hazard (reinforce being aware of 
the hazards of an exploded air line as 
well as a line falling on them from the 
overhead), 

severe noise levels due to an increase in 
chipping and grinding throughout the ship 
(reinforce wearing of hearing protection), 

9 wearing of applicable respiratory devices 
(reinforce the need to wear a respirator 
while chipping and grinding are going on), 
and 

wearing of personal protection devices, 
such as safety glasses or goggles (reinforce 
the wearing of these items due to the 
increased contaminants floating through- 
out the ship). 

As a supervisor, planning ahead should 
eliminate some of the hazards your personnel will 
encounter during the overhaul. Before the yard 



period, send your personnel to medical to get 
fitted for a pair of earplugs to keep with them at 
all times. Also, get them respirator certified so 
they can wear any type of respirator needed 
during the overhaul. Ensure there are plenty of 
safety glasses and safety goggles for everyone in 
the shop. A little heads up before the real 
thing should help your shop personnel feel 
more comfortable about entering the strange 
surroundings of an overhaul and should help keep 
you from explaining to the division officer why 
someone got hurt. 



SHIP CONFIGURATION AND 
LOGISTICS SUPPORT 

INFORMATION SYSTEM (SCLSIS) 

The Navy's ability to effectively plan and 
perform maintenance and alterations and provide 
necessary logistics support to ships depends 
directly on efficient control of and ready access 
to the configuration and logistics data for ships, 
systems, and equipment. It further depends on 
keeping this information up to date and accurate 
and on making it available to the large number 
of supporting activities. 

So what is SCLSIS? If the acronym SECAS 
rings a bell, it is because SCLSIS replaced the ship 
equipment configuration accounting system 
(SECAS) we all were familiar with. You have 
surely seen the SECAS stickers placed on equip- 
ment. Now, welcome to the world of SCLSIS. 

The objectives of SCLSIS are to establish and 
maintain, with a high level of confidence, accurate 
configuration and associated logistics support 
information for critical systems in new ships and 
selected ships already in service. The ability to 
accurately define the configuration of a ship and 
its systems is a critical factor in maintaining 
proper shipboard support. Navy managers 
responsible for the operation, maintenance, 
modification, and logistic support of both ships 
and equipment have a common need to receive 
accurate configuration data in a timely manner. 
To ensure availability of configuration data, 
many Navy managers have historically developed 
independent information systems for gathering 
and processing the ship configuration data 
appropriate to their unique individual needs. 
While such systems satisfied specific require- 
ments, each system required maintenance and 
organizational support and imposed redundant 
reporting responsibilities on the fleet. Managers, 
lacking the resources to develop their own 



configuration information system, were forced to 
obtain data from the various existing systems. 
This fostered interface problems and inconsistent 
results because of machine language or equipment 
identification incompatibilities. The need to 
provide all managers with a single, standard 
source of accurate ship configuration data and to 
reduce fleet reporting to a single requirement 
resulted in the development of SCLSIS. 

SCLSIS applies to all ships of the active and 
reserve fleets (except certain exclusions of the 
fleet ballistic missile submarines and nuclear 
propulsion systems) and covers the life cycle of 
the ship from its date of delivery to the Navy. The 
structure and composition of a ship, defined in 
terms of onboard systems and equipments are 
referred to as the ship's configuration. 

SCLSIS includes the automated data process- 
ing system and all procedures used to identify and 
report on (status and logistical requirements) 
equipment that makes up the ship's configuration. 
The SCLSIS addresses all configuration-worthy 
items; the process also provides for technical data 
reviews and equipment configuration audits. 



As the central source of ship configuration 
data, SCLSIS is an important part of the overall 
system for fleet logistics and maintenance support 
(fig. 5-1). The following are some of the support 
factors influenced by SCLSIS: 

Funding for onboard repair parts support 
(for example, technical manuals, repair 
parts, planned maintenance, and test 
equipment) 

Overhaul planning and funding 

Determination of a ship's training and 
manning requirements 

HOW SCLSIS WORKS 

There are two basic elements of the SCLSIS 
program: 

1. Validation to establish a baseline con- 
figuration data inventory 

2. Inventory updating (auditing) to correct 
errors or omissions and to document con- 
figuration changes. 




Figure 5-1. SCLSIS and the fleet logistics support system. 



Validation 

Validation is done by teams of trained 
specialists, who actually board the ships and 
record data from the equipment nameplates and 
other sources. The subsequent data analysis will 
be converted to machine format and transmitted 
to a central computer bank. 

There are three types of validation: 

1. Baseline validation This is the initial 
listing of equipment and other data recorded 
when the ship first comes under SCLSIS. 
It becomes part of the ship class standard 
data bank (CSDB) for ships configuration 
and logistics information. 

2. Correction validation This is the valida- 
tion of items rejected in an audit. 

3. Installation validation This is a verifica- 
tion of configuration and logistics data 
being reported for new configuration 
installations. 

Audits 

Audits use sampling validation to statistically 
determine the quality of configuration and 
logistics data in the SCLSIS data base. Sample 
validation involves checking reported data for a 
certain number of pieces of equipment against 
either the actual equipment or independent 
reference files. Any discrepancies must be 
corrected. 

Once validation has been completed, the 
inventory must be changed as equipment is 
installed, removed, or altered by engineering 
changes. The quality of information in the 
inventory will directly affect the quality and 
quantity of the support furnished to the fleet in 
spare parts, test equipment, reference documents, 
and the kinds of training made available for 
technicians, operators, and others. For updating 
purposes, the SCLSIS reporting procedures are 
designed to be faster and easier than past 
configuration reporting procedures. Since you will 
usually spot errors, omissions, and so forth, on 
a copy of a COSAL/SNAPP II report, the 
correct (and the easiest) way to rectify them is to 
use the OPNAV Form 4790/CK and submit it via 
the chain described in OPNAVINST 4790.4, the 
Ships' Maintenance and Material Management 
(3-M) Manual. 



Equipment status changes must be reported 
as soon as they occur so that the SCLSIS data 
inventory will continue to correspond with the 
equipment aboard the ship. Whenever equipment 
is installed or removed or whenever equipment is 
altered by an engineering change (field change), 
ship's personnel must report the change of equip- 
ment status. 

The importance of configuration change 
reporting cannot be overemphasized. The in- 
dividual ship is the ultimate recipient of the 
enhanced logistic and maintenance support 
that SCLSIS makes possible. Prompt, accurate 
reporting will ensure proper accounting of 
configuration changes and will improve supply 
and maintenance support to the fleet. Although 
the responsibility of identifying and reporting 
configuration changes rests at all levels of 
command, the individual ship is the prime 
contributor to the maintenance of SCLSIS and, 
therefore, is in great part a master of its own 
logistic and maintenance destiny. 

During periods of ROH, the responsibility for 
reporting configuration changes made by the 
overhauling activity rests primarily with the 
naval supervising activity (NSA) responsible for 
coordinating the ship's overhaul. However, ship's 
force personnel must document and report to 
NSA any configuration change made by ship's 
force personnel. Obviously, when the validation 
is in process, configuration changes should be 
reported to the validation team leader. 

In the same manner that material history 
information is retained in the 3-M central data 
bank, so is configuration status information 
maintained in a central data bank, the weapon 
systems file (WSF). The difference between the 
information in these two banks is that the 
information in the 3-M data bank is maintained 
by job control number, and the information in 
the WSF is maintained for each ship at the 
configuration item level. The information 
provided to the WSF via the OPNAV 4790/CK 
form is used to generate COSAL update infor- 
mation for each ship, and will trigger the 
production and distribution of PMS, technical 
manuals, and other logistics support documen- 
tation updates. The quality of information 
recorded in the configuration data bank directly 
determines the quality of support each ship and 
activity receives. 

Every supervisor must recognize that reporting 
of configuration changes is absolutely essential 
to ensure that spare parts and logistics support 
documentation are available to support maintenance 
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actions. If configuration changes are not reported 
as described in the 3-M manual, in all likelihood, 
parts and supporting logistics documentation will 
not be available when you have a need for them. 

USE OF OPNAV 4790/CK FORM 

The OPNAV 4790/CK form (fig. 5-2) must 
be used to report configuration changes or a 
completed or partially completed maintenance 
action which resulted in a configuration change. 
You can also use the 4790/CK both as a closing 
deferral for reporting completion of a previously 
deferred maintenance action, if the action results 
in a configuration change, and as a completed 
maintenance action (no prior deferral) reporting 
a configuration change. You can also use the 
4790/CK form to correct erroneous or deficient 
data in the configuration files. 

For the purposes of reporting configuration 
changes, all deletions, turn-ins, modifications, 
additions, installations, and replacements of 
equipment are included in the term maintenance 
action whether or not corrective maintenance is 
actually performed. A configuration change 
occurs whenever the completion of a maintenance 
action results in the 

* addition or installation of any new equip- 
ment; 

* deletion, removal, or turn-in of any 
installed equipment; 

replacement or exchange of any equipment; 

modification of any equipment installed or 
in use; 

* relocation of any equipment to a new deck, 
new frame, or new compartment; or 

* completion of any alteration directive, 
such as a field change, and so forth. 

The 4790/CK has four sections: 

1. Job Identification 

2. Job Description/Remarks 

3. Component Configuration Change Identi- 
fication 

4. Special Purpose 

Instructions are located on the lower portion 
of the form to assist you in the properly 



completing the form. For detailed information on 
how to fill out a 4790/CK in different situations, 
refer to chapter 9 of the Ships' Maintenance and 
Material Management (3-M) Manual, OPNAV- 
INST 4790.4. 



WORK PACKAGE 

Before any work being done by either ship's 
force or the shipyard, you have to submit 
proposals for the work requested to be done. 
TYCOMs require that requests for work to be 
undertaken during a repair period (regular or 
interim) be submitted to them for review, 
approval, and forwarding to the shipyard well in 
advance of the beginning of an overhaul. This is 
necessary to permit successful preliminary 
planning and material procurement by the ship- 
yard. 

Aboard ship, each work request is submitted 
on the standard work request form. The 
procedures for submitting shipyard work requests 
before an ROH are contained in the Ships 9 
Maintenance and Material Management (3-M) 
Manual, OPNAVINST 4790.4. All work requests 
are screened and assigned a work priority at a 
conference of the department heads, the executive 
officer, and the commanding officer. A work list 
containing brief statements of the work to be 
done, arranged in the ship's integrated priority 
sequence, is prepared and submitted along with 
the work requests to the TYCOM for screening. 
Following the screening action, the TYCOM 
forwards the approved requests to the naval 
shipyard or SUPSHIP, as appropriate. 

NAVAL SHIPYARD 
ARRIVAL CONFERENCE 

When the ship arrives at the shipyard for a 
routine overhaul, an arrival conference is held. 
The conference is usually supervised by the 
planning officer of the shipyard and is attended 
by representatives from the ship, the TYCOM, 
and the naval shipyard planning department. 

The limitations of funds made available by the 
TYCOM determine to a great extent the amount 
of repairs that will be completed during a naval 
shipyard repair period. The estimated cost of each 
repair job, when approved at the conference, is 
added to the cost list to give the total cost. When 
the total cost equals either the amount of funds 
appropriated or the cutoff amount, the shipyard 
will not accept additional repair requests. Under 
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this condition, when several additional important 
jobs should be performed, the TYCOM must 
either furnish more funds or revise the priority 
list. 

Establishing the cutoff point enables the 
shipyard to make certain that the most important 
repairs and alterations are completed during the 
availability period. This does not imply that other 
items with less urgent priority will not be under- 
taken and completed before the end of the 
overhaul period. After the ship has been placed 
in dry dock, for example, workers may find that 
anticipated repairs to the shafting and to the 
propeller are not necessary, and the funds reserved 
for this work can be used to finance other items. 
Sometimes a job may be greatly underestimated 
because of conditions that do not become ap- 
parent until the job is well underway. If the funds 
originally provided to cover the cost of the work 
are not sufficient, the necessary funds may have 
to be provided by deferring other approved items 
of lesser importance. 

Also established at the arrival conference are 
tentative dates for drydocking, operation of the 
propulsion machinery and associated auxiliary 
equipment, and dock and sea trials. 

When agreement has been reached at the 
arrival conference on the items of work to be 
undertaken, the planning department issues job 
orders authorizing the work to be performed by 
the production shops. Each job order clearly 
defines the scope of the work, includes complete 
specifications, and identifies the necessary plans. 
Job orders are not issued for all work at the same 
time. The first to be issued are for those jobs 
requiring practically the entire availability period 
for completion. The other orders are issued as 
soon as possible thereafter. If design plans are 
required for any specific item, the issue date of 
the job order is coordinated with their planned 
completion date. In any case, job orders for all 
items approved at the arrival conference are 
usually issued during the first third of the overhaul 
period. 

The method of numbering job orders differs 
somewhat among the naval shipyards. However, 
all of the numbering systems are used to identify 
each item of work by a job order number. In 
addition to the naval shipyard job order number, 
the ship's work request or work item number is 
shown on the job order sheets. 



CHECKING THE 
OF WORK 

During a routine shipyard overhaul the ship 
must submit progress reports as required by the 
TYCOMs instructions. Supervisory personnel of 
the ship must, therefore, keep an accurate check 
on the progress of all work (including the ship's 
force work) at all times. Standard progress charts 
are available for recording and reporting progress. 
As a rule, one progress chart is used to record 
shipyard repairs, another to record alterations, 
and another to record ship's force work. Copies 
of the progress charts should be posted and kept 
up to date by ship's personnel. 

You may be required to monitor the progress 
of repair jobs from your area. Always check the 
details of the job orders before you start 
checking on the progress of a repair job. You can 
get this information from the job orders issued 
by the planning department of the yard. The ship 
receives three or more copies of the job orders. 
A complete set of job orders is usually kept on 
file aboard your ship. Your division officer should 
have copies of the job orders that apply to your 
division. 

OBTAINING ADDITIONAL 
REPAIR JOBS 

As work proceeds on the overhaul of the ship, 
it may be necessary to issue information or 
instructions that were not practical or needed at 
the time of original issuance. If so, a job order 
supplement, under the original job order number, 
is issued. The use of job order supplements is 
restricted as much as practicable; they are not used 
to revise man-hour allowances, unless the scope 
of the work is changed. The supplementary work 
requests must be submitted according to the same 
procedure used for submitting the original work 
requests, and the supplementary items must be 
dovetailed into the ship's priority index. 

Supplementary work requests should be made 
out immediately, as soon as the need becomes 
evident, and submitted to the yard as soon as 
possible after they have been prepared. 

INSPECTION DUTIES OF SHOP 
AND DIVISION PERSONNEL 

The inspection of the work being done by a 
repair activity for a ship is the responsibility of 
both the repair activity and the ship. The repair 
activity should require whatever inspections are 
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necessary to ensure the proper execution of the 
work and adherence to prescribed specifications 
and methods. 

What is your role as a supervisor in all of this? 
You and your personnel should make whatever 
inspections are necessary to determine if the work 
is satisfactory, both during its progress and when 
completed. You should have your work center 
supervisors or petty officer in charge schedule 
their work so that they will have time to inspect 
and check the progress of naval shipyard work 
going on in their space or being performed on 
equipment for which they have the responsibility 
of maintenance and upkeep. Remember even 
during an overhaul, you and your personnel 
continue to have responsibility for the equipment 
being repaired. Your responsibility may include 
signing off jobs that are completed during an 
overhaul. Familiarity with the QA manual is 
indispensable for this task. Remember once you 
have signed it off as completed, you have 
"bought" it, whether it works or not. 

If you find any unsatisfactory work being 
performed by shipyard personnel, follow the 
instructions put out by the appropriate officials. 
Talking things over in a friendly manner with the 
work personnel will usually solve the problems; 
if this is not successful, notify your division 
officer or the engineer officer, who can take 
up problems of unsatisfactory work with the 
SUPSHIP. 



On many ships, the division officer or the 
engineer officer will check with you before he or 
she signs a job order as being completed. By a 
continuous inspection of shipyard work, and by 
checking off the jobs that have been satisfactorily 
completed, you can furnish the required infor- 
mation without unnecessary delays. 



SUMMARY 

In this chapter, we discussed the similarities 
and differences between repairs and alterations. 
We also talked about the various types of 
overhauls you may become involved with during 
a tour on a ship. We also went over the different 
preoverhaul inspections you will become involved 
with before an overhaul. 

We discussed the different aspects of your role 
as a supervisor concerning training personnel 
shop, division, and duty section before and during 
an overhaul. Safety was stressed, as it always 
should be and even more so during an overhaul. 

We introduced you to SCLSIS and how it has 
replaced SECAS for reporting configuration 
changes. We also talked about the contents of an 
overhaul work package. Hopefully, you now feel 
a lot more comfortable about enduring an 
overhaul to your ship. 



CHAPTER 6 

PERISCOPE REMOVAL, INSTALLATION, 
AND MAINTENANCE 



In spite of the many advances in detection 
devices aboard submarines (radar, sonar, and 
ESM), the periscope is still used by the submerged 
submarine to locate, identify, and observe surface 
and airborne targets. The periscope is also used 
by the submerged submarine as the primary source 
of navigational information. 

This chapter will introduce you to procedures 
for removing, preinst ailing, installing, and 
maintaining periscopes. Also, this chapter talks 
about safety precautions you, as a supervisor, 
should be aware of regarding periscope handling. 

Before you start work on a particular 
periscope or any advanced optical system, be sure 
to refer to the appropriate technical manual. As 
a refresher, we recommend that you review 
chapter 12 of the Opticalman 3&2, NAVEDTRA 
10215, as well as Terms, Abbreviations, and 
Definitions Related to Submarine Periscopes, 
NUSC TD 8479A, before reading this chapter. 



IDENTIFICATION OF PERISCOPES 

Three common methods for identifying 
periscopes are design designation, registry 
number, and type number. The first two methods 
were discussed in Opticalman 3 & 2. 

TYPE NUMBERS 

The type number of any periscope refers to 
its general design characteristics. It is assigned by 
NAVSEA and is the designation usually used to 
identify the periscope. Numbers are assigned 
consecutively, beginning with Type 1 through the 
experimental Type 22. 

Certain periscopes have acquired both number 
and letter designations. For example, the Type 8C 
and Type 8D are modifications of the Type 8. 

In submarines that have two periscopes 
installed, a periscope also may be referred to 
simply as the No. 1 or No. 2 periscope, 
depending on its position within the submarine. 



Many types of periscopes have been manu- 
factured. Some were designed for particular and 
unusual needs. Described here are characteristics 
of different type number periscopes. 

* Type 1 This is an obsolete attack 
periscope. It has a stadimeter for esti- 
mating range and course angle. 

* Type 2 This is an attack periscope. The 
older types, 2 and 2A, differ greatly from 
the 2D, 2E, and 2F types. All attack 
periscopes have range-measuring devices 
incorporated in their optical systems and 
the capability of elevating the line of sight 
to at least 74 above the horizon. The 2D, 
2E, and 2F types are built to withstand the 
greater seawater pressures to which they 
are subjected. 

* Type 3 This is an obsolete attack 
periscope which was capable of elevating 
the line of sight 45 above the horizon. 

Type 4 This is the forerunner of all 
general-purpose periscopes. It was designed 
with a large head section for greater light 
transmission and had radar capability. 

Type 5 An obsolete special-purpose 
instrument, this was designed primarily for 
photographic reconnaissance. 

Type 6 This, too, is an obsolete 
periscope. The Type 6 was unusual in that 
it was an any-height instrument. The 
observer could use it at any height between 
the top of the sail and the fully extended 
position. 

Type 7 An obsolete periscope, this was 
the first night periscope to incorporate 
synchros into its elevation system. 
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Type 8 This is the first of a series of 
periscopes incorporating the features of the 
Types 4 and 7. Types 8 and 8A were 
superseded by the more modern 8B and 
8C, both more versatile and sophisticated 
than their predecessors. Note that the 8B 
forms the basic design foundation for most 
of the other periscope systems in use. Both 
the Type 8B and Type 8D were modified 
in various manners by the 8B Mod 1A, 
Mod 2, and Mod 3. 

Type 8L Mod T This modification to the 
Type 8 is applicable to Trident submarines 
along with the Type 15L Mod T as a 
shipset. Each periscope set includes a 
periscope assembly, electrical and elec- 
tronic (E&E) adapter assembly, traveling 
slide connector assembly, junction box, 
indicator and control box, RF inter- 
connection box and speaker/amplifier 
assembly. It is referred to as periscope 
No. 1 and has an overall length of 48 feet, 
111/2 inches. The optical length is 46 feet 
from the center of the eyepiece to zero 
elevation line of sight at the head prism. 

Type 9 An obsolete forerunner to the 
Type 11, this was designed as a night 
service instrumient with celestial navigation 
capabilities. 

Type 10 A photoelectric cell was incor- 
porated to control the line of sight in this 
obsolete instrument. It was basically an 
experimental design for a navigational 
periscope. 

9 Type 11 A special-purpose celestial 
navigation instrument designed for fleet 
ballistic missile (FBM) submarines, this 
provides correction information for the 
ship's gyroscope compass and the Sperry 
Inertial Navigation System (SINS). 

Type 12 and Type 13 These were never 
manufactured. 

Type 14 Internally this is similar to the 
Type 2D. It has telemeter illumination and 
an optical length of 28 feet. 

Type 15 This was designed to increase the 
electronic capabilities of the Type 8B. Its 
modifications use an optical system similar 
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Figure 6-1. Type 15 periscope. 



to that of the 8B, which it is now replacing 
as the general-purpose periscope (fig. 6-1). 
Type 15B Mod 1A, Type 15D Mod 1A, 
and Type 15D Mod 2A periscope sets have 
been brought to their configurations by a 
series of field changes. 

Type 15L Mod T This periscope is used 
only on Trident submarines and is used as 
part of a shipset along with the Type 8L 
Mod T. It is referred to as periscope 



No. 2. In addition to the functions 
performed by the Type 8L Mod T, the 15L 
also functions as an optical instrument and 
antenna mast. It uses omnidirectional and 
direction-finding antennas, as well as ESM 
reception. It has an overall length of 
48 feet 7 inches and an optical length of 
46 feet from the center of the eyepiece to 
zero elevation line of sight at the head 
prism. 

Type 16 This is a highly specialized 
periscope which incorporates more sophis- 
ticated electronic and photographic equip- 
ment. As an OM, you will be supervised 
by technical representatives of the manu- 
facturer when you handle and install this 
periscope. More than likely, the repair will 
be done by the technical agent, who also 
hand carries the manuals required for any 
work to the sight. 

Type 17 This design was never manu- 
factured. 

Type 18 This is a highly versatile, 
multipurpose instrument. Its use in the 
fleet greatly outnumbers the Type 2, Type 
8, and Type 15 periscopes. This system 
provides visual, photographic, television, 
and electronic surveillance capabilities. We 
will talk further about this particular 
periscope in the following paragraphs. 



TYPE 18 PERISCOPE 

This particular periscope has many capabilities. 
It can be operated in either a day or night mode 
for direct optical viewing. It also provides for 
broad-band electronic signal reception covering 
communications and radar frequencies. The 
following are some of its other capabilities: 

1. Multiple levels of magnification 

2. Power-assisted training operation 

3. Gyro-stabilized optics (including photog- 
raphy) 

4. Image motion compensated photography 

5. Image intensification for low-level opera- 
tion (night vision) 

6. Television system, capable of monitoring 
all optical modes includes VCR/VTR 

7. Target bearing transmission 



Subsystems Operation 

Four functional subsystems make up the 
periscope. They are the optical subsystem, the 
photographic subsystem, the television subsystem, 
and the electronic support measures (ESM) 
subsystem. 

OPTICAL SUBSYSTEM. This subsystem 
provides for direct viewing along a line of sight 
variable in elevation and unlimited in train. You 
can select from various magnifications for 
viewing as well as image intensification capability. 
An illuminated telemeter appears in the field of 
view. The telemeter can be electrically driven 
axially to defocus it so it does not image on film. 
There is also a heated head window. 

PHOTOGRAPHIC SUBSYSTEM FUNC- 
TION. The periscope system also takes high 
resolution photographs under seagoing conditions 
by using the image motion compensated camera 
subsystem (IMCCS), based on image tracking. 
When the image motion compensation (IMC) 
mode is selected, the periscope head prism is 
driven in both train and elevation, moving the 
image in X and Y coordinates. The IMC sub- 
system is capable of stabilizing the image at the 
film plane for the duration of a single exposure 
or a burst of eight exposures. When the IMC sub- 
system is not used, a gyro-controlled, single-axis 
stabilization system can be activated to provide 
full time stabilization of Y coordinates only. Gyro 
stabilization is intended primarily for use with the 
visual system but is available for all modes of 
operation 

TELEVISION SUBSYSTEM FUNCTION. 
This provides for display, on both local and 
remote monitors, of the scene viewed by the 
periscope operator. It can record the scene being 
viewed and then selectively play back recorded 
scenes to the monitors. It can also operate at low 
light levels. 

ESM SUBSYSTEM FUNCTION. This is 
housed in the drip-proof E&E adapter mounted 
to the bottom of the eyepiece box. An antenna 
assembly mounted to the top of the mast provides 
the sensors for this function. 

System Operation 

Even though as an Opticalman you will not 
be operating a Type 18 periscope, you will need 
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Figure 6-2. Type 18B/C periscope mast optical schematic. 



a basic understanding of its operation to do checks 
upon completion of any repair. Light enters the 
periscope through a heated head window and is 
relayed down the mast by a head prism and a 
series of lens assemblies (fig. 6-2). The head prism 



varies the periscope line of sight from 10 below 
to 60 above the horizontal. The light bundle is 
relayed through the eyepiece box and to the 
eyepiece. You can divert the light bundle within 
the eyepiece box to the camera for photography, 
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split it between the visual and TV systems for 
simultaneous observation, or send it directly 
into the eyepiece. By rotating the right training 
handle, you can change the system magnification 
and its associated field of view. The position of 
the head Galilean is controlled by the power 
change control grip on the right training handle 
of the eyepiece box. When the head Galilean lens 
is driven out of the line of sight, the periscope 
magnification increases by a factor of four. If you 
depress and hold the 2X push-button switch on 
the left training handle, you can increase the 
magnification by a factor of two. By rotating the 
left training handle, you can elevate or depress 
the line of sight. Rotating the handle sends an 
elevation command from the handle to the 
elevation synchro attached to the head prism. By 
depressing the MARK push-button switch on the 
right training handle, you can transmit target 
bearing data to the ship's data recording system 
and weapons control switchboard. 



JOB QUALIFICATION 
REQUIREMENTS (JQR) 

As the supervisor of an optical shop, you will 
probably direct the removal and installation of 
different types of periscopes. No one likes to 
be reprimanded because of faulty supervision 
during these procedures. Most of us have heard 
at least one horror story about removing and 
installing a periscope. If you use sound judgment 
and correctly follow step-by-step procedures, you 
should avoid most casualties. To help eliminate 
problems and to standardize training require- 
ments, a Job Qualification Requirements (JQR) 
booklet was developed by the Naval Underwater 
Systems Center. 

JQR BACKGROUND AND USE 

Over the years several casualties have occurred 
to submarine periscopes, particularly during their 
removal or installation. Since these casualties cost 
the Navy millions of dollars, a study was 
conducted to determine the cause. 

A review of the procedures for performing 
periscope installation and removal showed that 
(1) if the procedures had been correctly followed, 
most of the casualties would have been avoided 
and (2) lack of on-the-job training (OJT) 
standardization contributed to these periscope 
casualties. Thus the JQR was developed. 

What is a JQR? A JQR is an approved 
document that is used to supplement and provide 



minimum standards for OJT, specifically in tasks 
or procedures where little or no formal training 
exists. It is a means to guide personnel towards 
specific minimum qualifying goals and to 
standardize the qualification criteria. You, as a 
supervisor, should use the JQR to aid your 
personnel in qualifying for their respective watch 
stations. The better trained your personnel are, 
the more professional the work will be. 

The JQR for installation and removal of 
submarine periscopes was developed in 1988 to 
help qualify two levels of periscope technician 
in the removal and installation of submarine 
periscopes. One level is apprentice (worker) and 
the other is group supervisor (journeyman). 

Each periscope removal and installation team, 
whether it be on a tender, a shipyard, or a naval 
base, generally is composed of several workers 
and a group supervisor or team leader. The group 
supervisor is normally a more senior person, who 
has gained experience in removing and installing 
periscopes. He or she, like his or her work center 
supervisor, must be qualified to perform all 
tasks associated with periscope removal and 
installation. On the other hand, the apprentice 
may only need to be qualified to perform portions 
of the overall procedure to satisfy a number of 
periscope types or a specific periscope type. 

Use the JQR as an aid to qualify both your 
apprentices and group supervisors. Your command 
may not repair all of the periscope types or tend 
all of the submarine classes listed in the JQR. If 
not, you will need to customize the booklet to fit 
your specific applications without sacrificing 
technical continuity and fleetwide standardization; 
that is the JQR's intent. 

Use the JQR to ensure that each of your 
workers or supervisors receives at least the 
minimum training for the various periscope types 
under his or her control. Remember, you must 
use approved technical manuals, procedures, or 
drawings for installing or removing periscopes. 
The JQR is not intended to replace any of these 
items. 

You may want to use as an additional training 
device the Navy training film MN 802054, 
Periscope Installation and Removal Procedures, 
for removing and installing periscopes. Not only 
is this film a good introduction for your junior 
personnel, but it also serves as refresher training 
for the more senior personnel. 

QUALIFICATION 

How do you qualify your personnel? Remember, 
in the first chapter we discussed the PQS program. 
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The JQR booklet works essentially the same way 
as PQS. Your personnel will complete all 
fundamental items in section 1 to your satisfaction 
and then will proceed on to section 2, periscope 
types. Your people will need only to concern 
themselves with the types of periscopes your shop 
works on. As the supervisor, you will assist them 
in determining which items pertain to their job. 
After a worker completes the second section, 
direct him or her to the correct qualifying work 
station, whether it be section 3 for apprentice or 
section 4 for group supervisor. Before they start 
section 4, your personnel must first complete 
section 3. 

The Supervisor 

As a senior petty officer or journeyman 
technician, you will be required to assign junior 
personnel to complete specific work stations in 
the JQR. Before you hand one of your person- 
nel a JQR booklet, first look through the booklet 
to decide what other items he or she should 
complete before starting work on the required 
work stations or related fundamentals or 
periscope types. You, as supervisor, are an 
extremely important part of this program. If you 
administer the JQR with insight, you will find it 
a helpful tool you can fit into your training 
program. Don't just hand a booklet to a 
subordinate without telling him or her the reason 
behind the program. To a newly reported person, 
JQR might just be another one of those confusing 
Navy acronyms he or she has not yet got a 
handle on. Provide motivation to your people 
by setting realistic goals, showing interest, 
and following their individual progress. As 
we discussed in an earlier chapter, you, as 
supervisor, are responsible for training. You must 
be aware of who is, and who is not, progressing, 
as well as who is in need of individual instruction. 

You will also be responsible for tailoring the 
JQR to fit your command's needs. Ensure it is 
accurate, and, in the ever changing world of 
periscopes, up to date. 

The Qualification Petty 
Officer/Qualification Supervisor 

As an OM1 or an OMC, you will be selected 
as a qualification petty officer or qualification 
supervisor for the optical shop. This means that 
you are one of your command's subject matter 
experts on those fundamentals, periscope types, 
and work stations assigned to you. Your job is 
to be totally knowledgeable in your assigned areas 



and to make yourself available to check off your 
trainees' achievements (discussed earlier in chapter 
1). As a supervisor, you must make sure a high- 
quality JQR program is maintained. 

To help standardize the program within your 
shop, ensure that each of your qualification 
petty officers and qualification supervisors has a 
set of standard answers for each work station. 
This will help ensure that each trainee is provided 
with and receives proper responses. If there is not 
a set of standard responses for those items 
applicable to your shop's work, make one up and 
pass it along to each supervisor. As with most 
PQSs, if multiple signatures are required for a line 
item, try to have one working day elapse between 
signatures. What happens if the trainee does not 
know the correct answer? Help him or her find 
the correct answer in the reference material. Not 
only will this speed up the qualification process, 
but it will also familiarize your trainees with the 
use of publications, tech manuals, and so on. As 
supervisor, this will mean that you will have to 
know where all the answers can be found. 

If you find discrepancies in the booklet, bring 
them to the attention of your supervisor so 
appropriate tailoring and corrections can be made. 
Remember, this booklet should be tailored to fit 
your command's needs. If you do have to do some 
tailoring of items, make sure you get the approval 
of your division officer or the designated official. 

Apprentice (Worker) 

All personnel should complete the apprentice 
level of the JQR before they begin to work on the 
group supervisor level. Use this section to 
introduce new personnel to the procedures for 
removing and installing periscopes. You can also 
use this to familiarize new personnel with the types 
of periscopes your shop works on. The apprentice 
items deal primarily with the inspection and 
attaching of clamps and slings and the removing 
and installing of hull packing. Remember to advise 
the trainee to have a qualification petty officer 
present while performing the work station items. 

Group Supervisor (Journeyman) 

This section is used by senior personnel as it 
involves more of the supervisor responsibilities 
vice actual hands-on work. Where the apprentice 
was dealing with clamps and slings, the group 
supervisor is more concerned with the actual 
removal and installation of different types of 
periscopes as well as the Type 18 eyepiece box. 

For more information concerning the JQR 
booklet, refer to NAVSEA letter 9425 OPR 
63X22 Ser 63/033 dated 17 February 1989. 
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SPECIAL EQUIPMENT 
AND DEFINITIONS 

Naval Sea Systems Command, in conjunction 
with the Naval Safety Center, has conducted 
lengthy tests to determine what procedures and 
equipment should be used for mast removal and 
installation. Their recommendations include 
inspection and safety requirements for attaching 
slings, lifting clamps, and backup clamps to 
periscopes. As a supervisor, you will be 
responsible for ensuring that your personnel 
use proper procedures during removal and 
installation operations. These procedures cover 
the equipment associated with removing and 
installing periscopes, special precautions to be 
taken during the operation, and preinstallation 
requirements. The following paragraphs briefly 
discuss the use of some of the equipment 



previously mentioned and the procedures required 
for the safe and proper removal and installation 
of periscopes. Specific requirements and instruc- 
tions are provided in Safety Requirements for 
Attaching Lifting, Backup, Safety Clamps and 
Slings to Submarine Antenna Masts and 
Periscopes, NAVSEA SE110-B3-MMA-010. 

CLAMPS 

A minimum of two clamps are required to be 
attached to the periscope or mast before it is lifted. 
One clamp is the lifting clamp and the other is 
the backup clamp. 

Lifting Clamp 

The lifting clamp is the device to which the 
hoist or crane cable is attached for both removing 
and installing a mast or periscope assembly. You 
can have this clamp (fig. 6-3) manufactured 



11/16" DIA. 




I 3/8"- 




Figure 6-3. Lifting clamp. 
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locally. NAVSEA Drawing SS-904-4398614, 
"Lifting Clamps and Slings for Antenna Masts 
and Periscopes," requires that it be tested at 6000 
pounds. Be sure the clamp is made of steel, with 
a brake lining insert. 

Backup Clamp 

The backup clamp is physically identical to the 
lifting clamp. It is installed above and snug against 
the lifting clamp to provide additional safety in 
case the lifting clamp should slip. 

Safety Clamp 

Installing two clamps is a mandatory require- 
ment whenever personnel are working near or 
beneath masts or periscopes. In these instances, 
the clamps are referred to as safety clamps. 

SHORING 

Supportive shoring is placed and secured 
beneath the mast or periscope. 

SAFETY STRAPS 

The safety strap is a nylon strap that loops 
around the bottom of the mast to provide a 
positive stop for the lifting clamp. An alternate 
to the safety strap is a safety stop pin installed 
in the piston rod bracket in place of the piston 
rod pin. 

SAFETY CLAMP 
INTERFERENCE POINT 

The bottom clamp of a pair of safety clamps 
must always contact the top of the sail, a bearing 
frame, or some other substantial structural 
member whenever personnel are working around 
or beneath a mast or periscope. This contact point 
is called the safety clamp interference. 



SPECIAL PRECAUTIONS 

Before removing and installing a periscope, 
there are several precautions you must be sure are 
taken to ensure safety for both your personnel and 
the equipment. These precautions include using 
safety monitors, having communication set up 
both inside and topside, using tag-outs, wearing 
safety harnesses, and covering parts of the 
periscope. Before you clamp a periscope for 



removal, you must ensure that all necessary paper 
work for the controlled work package is complete. 
We all know this is a long and tedious job, but 
it is totally necessary to protect the submarine's 
hull integrity. By completing all the steps required 
by the paper work, you will ensure that you have 
followed all appropriate instructions in making 
repairs. SUBSAFE and its forms were discussed 
in chapter 2. 

SAFETY MONITORS 

Before commencing work, have safety 
monitors set up a sound-powered phone circuit, 
and station them in the following areas: 

1 . On top of the sail in the vicinity of the mast 
being worked on 

2. Outside the sail in the vicinity at the base 
of the mast being worked on when cable 
plates are removed 

3 . At the control valve at the ballast control 
panel (BCP) 

It is very important that you follow the Navy 
Safety Manual concerning your personnel 
working aloft. Remember to have your personnel 
inspect and properly don their safety harnesses 
when they work aloft. 

COMMUNICATIONS 

Communication between personnel you have 
assigned is very important as they cannot see one 
another. Communication between personnel on 
the sail and inside the submarine is established 
using sound-powered phones. Topside personnel 
communicate using hand signals. 

NOTE: Movement of an antenna or periscope 
mast assembly must be under positive control by 
personnel you have stationed. Those personnel 
must be in direct phone communication with the 
control valve operator in the control room. 
Ensure the sail is clear of all personnel. 

PERISCOPE PROTECTION 

When you or your subordinates perform work 
in the immediate vicinity of periscopes in the 
fairwater area, you must take extreme care. Make 
sure the periscope head windows and bearings are 
covered to prevent foreign matter, like dirt, from 
damaging the windows or the bearings. 



PROTECTIVE ELECTRONIC AND 
HYDRAULIC MEASURES 

Shut down and safety tag all radio and radar 
transmitters and tag all electrical inputs to the 
mast or antenna being worked on. Safety tag all 
hoist cylinder hull stop valves of all other masts 
in the sail while you have personnel working on 
a periscope or conducting tests and inspections. 

WARNING 

At each repositioning of the periscope, 
clear all working personnel from the fair- 
water, reposition the periscope, and tag- 
out the control valve. Then reposition your 
personnel to continue their work. Ensure 
the topside watch passes the word every 30 
minutes over the IMC according to the 
IMC manual. 



CLAMPING PRECAUTIONS 

Be sure your repair crews observe the pre- 
cautions and requirements listed here whenever 
they work with clamps. 

Before you attach the lifting or safety 
clamps, use the built-in hydraulic hoist 
assembly to place the periscope in the 
proper position to be worked on or 
removed. 

When attaching the support bars to the 
E&E adapter, ensure that the bars make 
contact with the edges of the well or the 
raised platform. 

When attaching the lifting or safety clamps 
to the mast or periscope assembly (at the 
desired working or lifting point), ensure 
that the clamp makes contact with the top 
of the fairwater or the top of the bearing 
frame assembly. 

After you have secured the clamp to the 
mast or periscope assembly, always test the 
clamp for slippage before attaching the 
backup clamp. 

When working or conducting any test and 
inspections under the mast or periscope 
assembly, make sure that proper shoring 
is placed and secured beneath the mast or 



periscope to prevent slippage. Periscopes 
weigh approximately 3000 pounds and can 
cause serious damage if they slip un- 
expectedly. 

Do not leave the periscope or mast 
clamped overnight without being hydrau- 
lically supported. If you are required to 
have the mast clamped overnight, ensure 
the torque of the clamp bolts are checked 
at the beginning of each shift and two 
hours after sunrise and sunset. 

If you discover no slippage of the mast or 
periscope assembly through the lifting clamp, 
attach the backup clamp above and snugly against 
the lifting clamp. Never disconnect lifting clamps 
or remove supportive shoring from a mast or 
periscope assembly before first ensuring that 
a positive means of supporting the mast or 
periscope's full weight exists. That is, the 
periscope hydraulic hoist system is re-energized 
or that the mast or periscope is supported by a 
crane, chain fall, or hardwood shoring until 
permanent support is restored. When you are 
relying on the hydraulic system for mast support, 
raise the mast or periscope a minimum of 6 inches, 
hydraulically, and observe it for at least 5 minutes 
to ensure that it has not moved downward before 
you remove the clamps. 



PREPARATION FOR REMOVING 
A PERISCOPE OR MAST 

You, as a senior Opticalman, must ensure the 
safety of your personnel whenever they repair and 
install submarine mast assemblies, periscopes, and 
their independent faired masts. Make sure they 
observe all the following requirements during all 
phases of the removal (and installation) process. 

CLEANING OF 
INTERFACE SURFACES 

Before the lifting and backup clamps can be 
installed, the surfaces to which they will be 
attached must be cleaned thoroughly. Be sure 
the surfaces are cleaned as described in the 
following paragraphs. 

Fiberglass Faired Masts 

Make sure the surface area where the clamps 
are to be secured is clean and has no dirt, grease, 
oil, or other contaminants. 



Periscopes 



Inspect the Bolts 



Before the lifting clamps are attached to a 
periscope for removal, the E&E adapter must be 
properly supported with the proper support bars 
for each system (there is no E&E adapter on type 
2D, E, and F periscopes). Before you attach the 
fittings and lifting clamps, degrease the area of 
the periscope barrel where you will attach the 
clamps. Ensure that the periscope barrel clamping 
area is degreased by wiping it with rags saturated 
with either trichloroethane (methyl chloroform) 
or trichlorotrifluoroethane (freon). If the brake- 
lining material inside a clamp has grease on it, 
have it cleaned with the same solvent used to clean 
the periscope barrel. 



WARNING 

Whenever your personnel use solvents, 
you must ensure that their work spaces 
have adequate ventilation and that they 
avoid prolonged breathing of the vapors. 
Do not allow the solvents to have prolonged 
or repeated contact with skin. Do not allow 
them to be used near an open flame and 
most importantly, DO NOT ALLOW 
THEM TO BE TAKEN INTERNALLY! 



INSPECTING THE LIFTING 
AND SAFETY CLAMPS 

Before any clamp is installed, it and its 
associated hardware must be inspected. This must 
be done to ensure that the clamp has been 
correctly weight tested, properly cleaned, and that 
its associated hardware is satisfactory. 



Inspect the Clamps 

Make sure all clamps are inspected before you 
use them to handle masts and periscopes. Inspect 
the brake-lining material on the clamp. Make sure 
the material is firmly attached to the metal part 
of the clamp and is the proper thickness as 
specified in NAVSEA Drawing SS-904-4398614, 
"Lifting Clamps and Slings for Antenna Masts 
and Periscopes." Make sure the material is free 
from contaminants, such as oil, paint, grease, or 
dirt. Ensure that the welds fully attach the lifting 
lugs (pad eyes) to the body of each clamp. Make 
sure there are NO cracks. 



Make sure the bolts are inspected along with 
their complementary nuts and washers. Inspect 
the bolts to ensure that the fasteners are not bent, 
that the bolt threads are not damaged, and that 
the nut can be run up and down over the bolt 
thread freely by hand. Check that the bolt size 
is as stated in the NAVSEA drawing and that the 
bolt head is marked with the three or six radial 
lines that designate the material is grade 5 or grade 
8 high-tensile steel. 

Inspect the Weight Test Tags 

The reason equipment is weight tested is to 
reduce the risk of damage resulting from equip- 
ment failure. Lifting clamps must be load tested 
at least every fourth year. Make sure your 
personnel inspect the weight test tags on the 
clamps, shackles and slings to ensure they have 
been properly tested. 

INSPECTING THE E&E 
SUPPORT BARS 

Support bars are attached to the E&E adapter 
and lie on the raised platform and across the well. 
Use these bars to position the E&E and support 
its weight when you separate it from the periscope. 
Ensure the support bars are not deformed, bent, 
or cracked. Make sure the weld joints on the 
shackle are integral with the body of the bar. No 
cracks are allowed! Ensure there is no damage to 
the attaching shackle and that the shackle pin can 
be properly removed and installed. 



REMOVAL AND 
INSTALLATION SEQUENCES 

Removing and installing a periscope is a tricky 
business that demands all procedures (including 
quality assurance (QA) and tag-out), safety 
precautions, and attention to detail be followed 
to the letter. You, as a supervisor, must ensure 
that personnel follow instructions exactly. Make 
sure they take no shortcuts whenever they remove 
and install any type of periscope. No supervisor 
wants to lose a subordinate over the side or see 
a periscope hoisted while still attached to the 
submarine. Safety is the primary concern for all 
personnel involved in the procedures. It is up to 
you, as a supervisor and as a senior Opticalman, 
to stress safety in all aspects of the job. Make sure 
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all members of the removal and installation crews 
wear hardhats, safety shoes and, if they work 
aloft, safety harnesses. If you are watchful and 
wary along each step of the way, you will 
minimize risks to both your personnel and the 
equipment. No matter how a periscope is 
configured, it demands the utmost in care. There 
are many different types of periscopes; however, 
we will briefly discuss removal and installation 
procedures on two types Type 2 and Type 18. 
Type 2 is removed as a single unit and Type 18 
is removed in sections. For more information on 
removal and installation procedures, view 
Periscope Installation and Removal Type 2 and 
Type 18, Navy training film MN 802054. 

TYPE 2 PERISCOPE 
REMOVAL SEQUENCE 

The basic procedures for removing a Type 2 
periscope have not changed since World War II. 
The only things that have changed are the tag- 
out and QA procedures. Removing the periscope 
basically involves elevating it to the proper 
height, attaching the lifting and backup clamps, 
disconnecting the equipment that remains inside 
the submarine, carefully lifting the tube out of 
the hull and placing it on the dock, and 
temporarily sealing the hole in the hull. 

We will not provide specifics of the operation, 
as they are listed in the appropriate manuals for 
Type 2 and Type 18. However, we have high- 
lighted the steps to which you should pay 
particular attention. 

1 . Before removing the periscope, ensure the 
order to set the sail clear for raising the 
periscope is given. 

2. Take special care to avoid damaging the 
periscope's fragile head. Place a protective 
cover over the head window. 

3. Do not allow personnel to stand directly 
beneath the lifting slings nor in any other 
position in which they might be injured if 
something should slip or break. 

4. Be sure the lifting clamps are clean and 
meet certification standards. Have anyone 
using solvent to clean the clamps or the 
periscope observe all pertinent safety 
precautions. 

5. Attach and torque the clamps specifically 
as required by NAVSEA SE110-B3- 
MMA-010, Safety Requirements for 
Attaching Lifting, Backup, Safety Clamps 
and Slings to Submarine Antenna Masts 



and Periscopes. When your personnel 
apply torque to the fasteners, make sure 
they observe the following: 

a. Do not torque bolts beyond rated 
values. Damage to the faired mast may 
occur and this damage is not always 
visible. 

b . Inspect the bolt threads for nicks, burrs, 
or galls which might impair the 
capability of the bolt. Also, make sure 
the nut does not "bottom out" against 
the end of the bolt thread. This might 
give you false torque readings. 

c . Torque each of the four hold-down nuts 
on the clamp sequentially and in 
uniform increments until the proper 
torque value has been reached. 

d. Ensure that the torque wrench is 
properly calibrated before use. 

6. Emphasize the special handling required 
for removing and temporarily storing the 
periscope attachments, such as the training 
handles, focusing knob assembly, stadimeter 
housing assembly, hoisting yoke, split 
rings, and eyepiece attachments. Be 
especially careful with the hoisting yoke. 
It is fragile and can easily be bent. Make 
sure the hoisting yoke is covered with 
plastic sheeting to prevent any salt water 
from dripping onto components inside the 
yoke. 

7. Be sure that all workers wear the proper 
safety equipment hard hat, gloves, and 
safety shoes. The worker in the sail should 
also wear a safety harness that has been 
inspected before donning. 

8. Make sure someone is on the pier waiting 
with the hinge carriage. 

CAUTION 

NEVER LOWER A PERISCOPE 
DIRECTLY INTO THE HINGE CAR- 
RIAGE AS IT MAY TIP AND FALL! 
INSTEAD, RAISE THE HINGE CAR- 
RIAGE UP TO THE PERISCOPE END 
FOR CLAMPING. 

9. As soon as the hull gland packing is 
removed, cap the hull gland to make the 
hull watertight while the periscope is 
removed. 



There are three exceptions to this procedure. 
They are as follows: 

1 . Scope dolly This is used in place of the 
blocks that support the upper end of the 
periscope. 

2. Tail clamp This is an alternative to the 
hinge carriage. 

3. Two properly torqued hoisting clamps 
When these are used, they are placed at the 
quarter points of the periscope with slings 
attached. They may be used in place of a 
strongback. 

TYPE 2 PERISCOPE 
INSTALLATION SEQUENCE 

Installation is basically removal done in 
reverse. The following are important points for 
you to remember: 

1. Part of the installation process is the 
repacking of the hull gland assembly. This 
procedure is critical! Use the SUBSAFE 
drawings and instructions for the sub- 
marine you are working on and have your 
crew follow them exactly. Be especially 
careful about the height of the packing 
stack. It must be correct to allow the gland 
to withstand high underwater pressures. 

2. Protect the lower periscope couplings by 
attaching a butt plate to the bottom of the 
periscope. 

3. Be sure the periscope barrel is greased 
properly to ease its passage through the sail 
bearings and hull gland. 

4. Ensure that the drip pan is installed 
properly under the hull gland to catch any 
drips that might come down through the 
hull gland. This is another critical fit. Have 
it checked with a feeler gauge. 

5. Remind the crew to use care when they 
reinstall the hoisting yoke, as it is delicate. 

6. Before you transfer the weight of the 
periscope back to the hoisting yoke, check 
the hydraulics by running the periscope up 
and down. Notify the proper personnel 
before you raise or lower the periscope. 

7. After all of the components have been 
reinstalled onto the periscope, but before 
you conduct the post-installation checkout, 
hoist the periscope and train it left and right 
through its entire range while someone 
greases the hoisting yoke. Listen and feel 
for binding or rough action. If you feel or 
hear grinding, adjust the bearings. 



8. Be sure to conduct a thorough post- 
installation check. Include the training 
handles, the stadimeter, the focusing 
mechanism, and the power shift. 

After all observations have been made and all 
QA checks have been properly followed, the 
periscope is ready for return to duty. Report to 
the appropriate submarine officer that the scope 
is installed and ready for inspection. 

TYPE 18 PERISCOPE 
REMOVAL SEQUENCE 

The removal sequence for a Type 18 periscope 
is essentially the same as for a Type 2 except, 
rather than being removed as a single unit, the 
Type 18 is removed in sections. Primarily there 
are three sections: the E&E adapter, the eyepiece 
box, and the mast. Note that the mast is the only 
one of the three sections that is removed through 
the hull gland. Both the E&E adapter and the 
eyepiece box are carried out in single units. 
Remove the eyepiece box first, followed by the 
E&E adapter. Again, we will not provide specifics 
but rather highlight the steps to which you, the 
supervisor, should pay particular attention. 

Mast Removal 

The mast is removed by first raising the 
periscope set and then attaching the hoisting and 
backup clamps to the mast. Ensure your personnel 
observe the following: 

1 . Wear the proper safety equipment hard 
hats, gloves, and safety shoes. If a worker 
is aloft, ensure that he or she is wearing 
an inspected safety harness. 

2. Attach no clamps within 52 inches of the 
top of the antenna assembly. 

3. Properly lock the head prism assembly. 
Emphasize locking the head prism assembly 
using the prism lock assembly located on 
the right side of the eyepiece box. This step 
is very critical! If you allow the prism to 
float around freely, it may knock around 
and be damaged. 

4. Be sure personnel slowly lower the hydrau- 
lics until the mast and eyepiece box are 
clear of one another (fig. 6-4). 

5 . As soon as the eyepiece box tube stub clears 
the mast assembly, cover it with an upper 
protective cover. 
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Figure 6-4. MAST/eyepiece box, mating. 



6. Be sure to secure all forms of air pollution 
(smoking, welding, and so on) during 
procedures where optical elements are 
exposed. 

7. Ensure that the heated head window is 
covered for protection when the mast 
assembly is horizontal on the pier or 
tender. 



Eyepiece Box Removal 

Next you will remove the eyepiece box. The 
following are important points for you to 
remember: 

1. Ensure that all forms of air pollution 
(smoking, welding, and so on) are secured 
where optical elements are exposed. 

2. Be sure two special lifting eyes are installed 
for the E&E adapter to help separate it 
from the eyepiece box. 

3. Make sure that the connectors on the 
eyepiece box and E&E adapter are inspected 
for damage and that undue wear and 
defects are noted for repair. 

4. Protect the eyepiece box by installing a 
lower protective cover over it as well as an 
upper protective cover atop the E&E 
adapter to protect it also. 

5. Do not allow personnel to lower the 
eyepiece box using the hydraulic system 
unless shoring is installed across the E&E 
adapter support rods. 

6. Take special care to avoid damaging the 
eyepiece box during transport and hoisting. 

7. Give the signal to hoist away only when all 
is secure and ready. 



Electrical and Electronic (E&E) Adapter 

The only item that awaits removal is the E&E 
adapter. The E&E adapter is hoisted up through 
the periscope well, using a chain hoist, and then 
dollied to the weapons hatch for removal. A few 
points to remember are as follows: 

1 . The E&E adapter weighs about 800 pounds 
and is much heavier than the eyepiece box. 
Ensure you personnel are aware of this and 
take necessary precautions. This section is 
much more difficult to maneuver than the 
previous sections so make sure your 
personnel take care. 



6-13 




STAGE 1 



STAGE 2 




STAGE 3 STAGE 4 

Figure 6-5. E&E adapter, hatch loading sequence. 



2. Ensure your personnel partially remove the 
dip loop assembly before they continue 
with the removal sequence for the E&E 
adapter. 

3 . Take care when handling the E&E adapter, 
especially around the plastic access covers 
around the housing. 

4. Lift away the instrument only when you are 
sure everything is ready and secure. This 
includes raising the E&E adapter about 
a foot above the well deck and removing 
the guide shoes (if this has not already 
been done) and the holding rods. Keep 
them in the submarine for the installation 
process. 

5. Since you do not want the instrument to 
jostle against anything while you raise it 
through the well, station someone at the 
periscope well to help guide it through. 



TYPE 18 PERISCOPE 
INSTALLATION SEQUENCE 

The Type 18 periscope components basically 
are installed in the reverse order in which they 
were removed. The E&E adapter goes first, 
followed by the eyepiece box, and then the mast. 
There are some noteworthy exceptions which we 
will discuss. 

Electrical and Electronics (E&E) Adapter 

When you install the E&E adapter, pay 
particular attention to the following points: 

1 . Be sure to use only the special E&E lifting 
eyes provided. The use of eyebolts or other 
devices is unsafe. 

2. Ensure a guide line is used for loading this 
and the eyepiece box as each piece is being 
guided down the open hatch (fig. 6-5). 
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Figure 6-6. -E&E adapter, well loading sequence. 



Station a third person where the unit enters 
the submarine interior to help guide the 
unit with his or her hands to ensure it clears 
the weapons hatch cover. 

3. Take care to walk the E&E adapter down 
until it is fully inside the submarine and 
safely on a dolly for transport to the 



periscope well. Be sure your personnel 
properly position the E&E adapter over the 
periscope well for lowering it into the well 
(fig. 6-6). 

4. Do not lower the E&E adapter completely 
onto the bumper plate without installing 
the guide shoe and dip loop assembly. 
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Figure 6-7. Eyepiece box, hatch loading sequence. 



Eyepiece Box 

When you install the eyepiece box, pay 
particular attention to the following points: 

1 . Ensure your personnel take extreme care 
when handling the eyepiece box to avoid 
damaging it. It contains various electronic 
and optical devices. 



2. Use a guide line when you load the eyepiece 
box through the weapons hatch (fig. 6-7). 
Again, ensure personnel are wearing hard 
hats, safety shoes, and gloves. 

3. Do not allow personnel to use the screws 
they removed from the upper protective 
cover of the eyepiece box to mate the 
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Figure 6-8. Mast/eyepiece box, preparation 



hoisting yoke and the eyepiece box. Those 
screws must remain with the cover! 

4. Emphasize to your personnel that they 
should not remove any protective plastic 
covers over the top end of the eyepiece box, 
except the upper eyepiece box protective 
cover. Have them cover the top end with 
a plastic bag for protection if the top end 
is not covered. 

5. Remind the crew to use extreme care not 
to damage the connectors and parts on top 
of the eyepiece box when they lower the 
hoisting yoke on and around the eyepiece 
box (fig. 6-8). Be sure the pilot diameters 



Figure 6-9, Mast/eyepiece box, torque sequence. 



of the hoisting yoke and eyepiece box are 
seated properly before the screws are 
tightened (fig. 6-9). 

6. Be sure that when workers twist the lock- 
wire on the socket head capscrews during 
the mast and eyepiece box preparation they 
ensure the wire remains around the outside 
of the screw head (fig. 6-8). They must 
twist the wire only enough to reach the next 
screw. 
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Figure 6-10. Type 18B/D mast unit. 



Have your personnel check that the 
eyepiece box rotates freely in the hoisting 
yoke after they torque the screws. If it does 
not rotate freely, they will have to repeat 
the torque sequence. 
Be sure the workers inspect all mating 
surfaces on both the eyepiece box and the 
E&E adapter for dirt and damage before 
they lower the eyepiece box to mate with 
the E&E adapter. 



Mast Assembly 

The mast installs in nearly the reverse order 
to its removal. You, as supervisor, need to pay 
attention to the following steps: 

1 . Do not allow your personnel to attach any 
clamp within 52 inches of the top of the 
antenna assembly (fig. 6-10). Make sure 
they use no set screws which set against the 
outer periscope barrel. 

2. Make sure the proper combat weapons 
system (CWS) test procedure is performed 
by maintenance personnel. 

3 . Ensure that the hull packing is thoroughly 
serviced, restacked, and repacked before 
installation. 

4. Take special care to check the heated head 
window for cleanliness after its protective 
wrapping is removed. If necessary, have the 
heated head window cleaned with soap and 
water, then rinsed and dried. 

5. Be sure the base of the mast is clean. If not, 
have all foreign material cleaned from the 
lower mast exterior, the split ring groove, 
and around the seal plug. 

6. Make sure the nitrogen vent screw is 
opened to allow gas in the lower mast 
cavity to bleed off. 

7. Secure all forms of air pollution (smoking, 
welding, and so on) during procedures 
where optical elements are exposed. 



8. Ensure personnel unlock the prism lock 
shaft, which was locked to prevent move- 
ment before removal. Remember, this is 
your last chance for any access into the 
mast cavity for a final wiping down of 
surfaces! Give the contacts between 
sections a thorough and final wipe down. 

9. Check the sixth erector, and clean as 
required. 

10. Make sure the hoisting yoke split ring 
halves remain seated in their groove 
during mating of the mast assembly and 
the eyepiece box. 

11. Take care during mating of the mast 
assembly and the eyepiece box to ensure 
their exact vertical alignment. If their 
surfaces are not properly aligned, galling 
will result. Ensure personnel check the 
alignment line as shown in figure 6-8. 

If you follow all procedures, drawings, 
attention-to-detail, safety precautions, and QA 
procedures, periscope removal and installation 
should pose few problems. 



PERISCOPE PACKING 

The most widely used method for sealing a 
periscope, the leather U-cup, was discussed in 
Opticalman 3&2. However, it would benefit you, 
as a supervisor, to also know the second method 
used for packing a periscope, chevron packing. 
The method for sealing a periscope and hull 
opening is shown in figure 6-11. By using this 
particular arrangement, you can raise, lower, and 
train the periscope while the submarine is 
submerged with little possibility of leakage. In 
fact, if all components are properly arranged and 
perfectly aligned, more water will enter the boat 
when it is on the surface in a rainstorm than when 
it is deeply submerged. 

Chevron packing is preformed (molded) 
synthetic rubber available in several sizes 
(standard and oversize steps). The different sizes 
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Figure 6-11. Periscope packing assembly. 



are used to take care of variations in the inside 
diameter of the hull casting. To provide the 
necessary seal, do not use any chevron packing 
that has any cracks or other blemishes anywhere 
on its surface. 

Other factors which affect the seal of the 
packing assembly are the concentricity of the 
packing rings, filler ring, and lantern ring; 
alignment of the lower steady bearing with all 
other sail steady bearings; and the clearance 
between the top packing ring and the bottom of 
the lower steady bearing. Seawater pressure 
acting on the top of the top packing ring 
compresses the entire packing assembly. The 
deeper the submarine goes, the more the pressure; 
the higher the pressure, the tighter the seal. If any 
of the bronze rings in the packing assembly are 
out of round, however, high pressure will distort 
the packing and will probably cause a leak. 

When a periscope is pulled, the packing must 
be removed. Otherwise, the scope will tear up the 
assembly when you reinstall it. With the scope 
and packing removed, you have an excellent 
opportunity to check alignment of the steady 
bearings and the condition of the hull casting. 

Many problems with periscope leakage or 
difficulty with training are blamed on the 



packing. You may want to check the alignment 
of the sail steady bearings as they are usually the 
culprit in this matter. As you know, your optical 
shop will perform this alignment if they are 
misaligned. 

You can remove packing with the scope in 
place, but it is difficult. You have to raise the 
scope to the observing position, clamp and strip 
it, and then loosen and carefully drop the hull 
gland. The metal components of the packing 
assembly are fairly easy to remove; the chevron 
packing, like the U-cup causes the problems. If 
it will not slide out easily, you will have to dig 
it out with a tool similar to a corkscrew. 



ELECTRICAL SYSTEM 

All the periscopes in service now require 
various electrical checks from basic electrical 
continuity and resistance to major electronic tests. 
The extent of these tests depends on the type of 
periscope you are working on. The skills needed 
to complete all necessary checks on the newer 
types of periscopes are equivalent to those of a 
television repairman. To gain these skills, your 
workers should complete the Navy Electricity and 
Electronics Training Series (NEETS) modules as 
designated in the current issue of NAVEDTRA 
10052. 

CONTINUITY AND 
RESISTANCE CHECKS 

Continuity and resistance checks are normally 
done with a multimeter by connecting the test 
leads to various pins in the quick-connect plug on 
the eye box. Most of these checks are done on 
illumination and heating circuits. Since you must 
use proper documentation for specific testing 
requirements, consult the most current Index of 
Selected Standardized Submarine CWS Test 
Procedures Collated by Equipment for the 
appropriate documents. For continuity checks, 
you may use a locally generated form to document 
the checks. 

GROUND TESTING 

Testing of the wiring insulation, called ground 
testing, is done with a megohmeter (megger). But 
you should only test pins that are specified either 
in the appropriate technical manual or in a shop 
casualty analysis sheet. The amount of voltage 
produced by the megger is critical. Since excessive 
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Figure 6-12. Test setup for communications-band and RF gain measurements of a periscope ESM function. 



voltage can damage some electronic equipment, 
these publications must be followed throughout. 



ESM CIRCUIT TESTING 

Electronic tests on the periscope ESM circuits 
assure the operational status and performance of 
each reception channel after the periscope is 
fully assembled. Tests of the overall ESM 
function are made from the applicable antenna 
to the output distribution connection. Take RF 
gain measurements between the ESM intercept 
antenna and the amplified RF output connections 
of the auto coupler on the bottom of the scope. 
The general test method is to use RF substitution 
where a calibrated signal source is introduced to 
the system in a test setup (fig. 6-12). As shown 
in figure 6-12, your test equipment will include 
a signal generator, a detector, and a standing wave 
ratio (SWR) meter. Since you will be using this 
type of test equipment periodically, a brief 
discussion of this equipment follows. 

Signal generators are used for testing, 
aligning, and troubleshooting various electronic 
equipment. They produce standard sources of ac 
energy. A signal generator may produce audio or 



radio frequencies, depending upon the type 
selected. 

In many signal generators, output meters are 
included in the equipment to adjust and maintain 
the output at standard levels over wide ranges of 
frequencies. Also, in many signal generators, 
calibrated networks of resistors, called attenuators 
(A in fig. 6-12), are provided. You use attenuators 
in signal generators to regulate the voltage of the 
output signal to avoid overloading the circuit 
receiving the signal. They can also provide 
impedance matching if you connect the signal 
generator directly to the circuit being tested. 

When testing the ESM circuit, you should use 
an RF signal generator that produces the 
appropriate channel. This generator should also 
have the capability to produce an internally 
modulated tone. 

To determine the progress and loss or gain of 
the signal through the circuit, use a receiving and 
measuring device. Use a detector (C in fig. 6-12) 
to recreate the modulated frequency from radio 
frequency. Feed these into the SWR meter (D in 
fig. 6-12) to measure the signal strength. The 
measured loss or gain values should be recorded 
as a reference standard to evaluate future circuit 
degradation. 
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SUMMARY personnel during maintenance procedures, as 

well as during removal, preinstallation, and 

In this chapter we discussed several areas installation procedures for all types of periscopes. 

pertaining to periscopes the various types, and Make sure you acquaint your personnel with the 

removal and installation procedures with which JQR and properly train them in the applicable 

you as a supervisor and senior Opticalman will work stations. Doing this will ensure that a 

be concerned. Keep in mind that as a supervisor professional, safe, and properly completed job is 

your responsibility will cover supervising junior done every time. 
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calibration not required, 4-13 

calibration void if seal broken label, 4-13 

inactive label, 4-12 to 4-13 

rejected label and tag, 4-13 to 4-14 
Clamping precautions, 6-9 
Clamps, 6-7 to 6-8 

backup clamp, 6-8 

lifting clamp, 6-7 to 6-8 

safety clamp, 6-8 
Collimators, 3-16 

Collimators for optical instruments, 4-7 
Complex overhaul (COH), 5-5 
Cross level, 3-21 to 3-22 



Inactive equipment maintenance (IBM), 5-8 
Inspection duties of shop and division person- 
nel, 5-14 to 5-15 
Inspections, preoverhaul, 5-5 to 5-6 



Division officers, 2-7 



D 



E 



Equipment identification and receipt tag, 4-9 
to 4-10 
Eyepieces, 3-21 



Fire watches, 5-7 to 5-8 

Fleet Mechanical Calibration Laboratory 

(FMCL), 4-4 
Format 310, 4-10 
Format 802, 4-10 to 4-11 
Forms used within the calibration program, 

4-7 to 4-11 



General shop supervision, 1-8 to 1-13 

assigning jobs and duties, 1-9 

planning and scheduling repair work, 1-10 
to 1-13 

Goals, quality assurance, 2-3 
Group supervisor (journeyman), 6-6 



H 



Hoist cylinder base and flange mounted bearing 
frames, alignment of, 3-23 to 3-24 



Jobs and duties, assigning, 1-9 



M 



Mechanical Instrument Repair and Calibration 

Shops (MIRCS), 4-4 
Metrology and Calibration (METCAL) Program, 

the Navy, 4-1 to 4-3 
Metrology Automated System for Uniform 

Recall and Reporting (MEASURE), 4-5 
Metrology Automated System for Uniform 

Recall and Reported (MEASURE) User's 

Manual, 4-7 
Metrology Engineering Center (MEC), 4-3 to 

4-4 
Metrology equipment recall and report 

(METER) card, 4-7 to 4-9 
Metrology Requirements List (METRL), 4-6 

to 4-7 
Micrometer optical, 3-19 to 3-20 



N 



National Institute of Standards and Technology 

(NIST), 4-3 
Naval shipyard arrival conference, 5-13 to 

5-14 

Navy Calibration Laboratory (NCL), 4-4 
Navy Standards Laboratory (NSL), Type I, 

4-4 



O 



OPNAV 4790/2K and OPNAV 4790/2L, 4-10 
OPNAV 4790/CK form, use of the, 5-13 
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Optical alignment, 3-1 to 3-24 
general precautions for alignment of ship- 
board equipment, 3-22 to 3-24 
adjusting periscope independent fairing, 
3-23 
alignment check of periscope components, 

3-24 

alignment of a hoist cylinder base and 
flange mounted bearing frames, 3-23 to 
3-24 

submarine radar mast system and com- 
ponents, 3-24 

instruments used in optical alignment, 3-6 
to 3-22 

71 2022 alignment telescope, 3-9 to 3-11 
71 2062 line of sight telescope, 3-11 to 
3-15 

basic instrument concepts, 3-11 to 3-14 
operation of telescopes, 3-14 to 3-15 
alignment collimator, 3-16 to 3-19 
alignment telescope, 3-6 to 3-9 
geometric requirements, 3-8 to 3-9 
telescope theory, 3-8 
collimators, 3-16 

optical alignment accessories, 3-19 to 3-22 
coincidence striding level, 3-22 
cross level, 3-21 to 3-22 
eyepieces, 3-21 

optical micrometer, 3-19 to 3-20 
optical square, 3-21 
scales, 3-20 to 3-21 
spherical mount, 3-21 
target, 3-22 
target holders, 3-22 
other applications, 3-15 to 3-16 
establishing a level reference line and a 
plumb line, 3-16 

establishing a plane perpendicular to a 
reference line, 3-15 to 3-16 
establishing a vertical plumb line, 3-16 
optical tooling, 3-1 to 3-6 
application of optical tooling, 3-4 to 3-5 
basic optical tooling concept, 3-2 
geometric concepts of optical tooling, 3-3 
to 3-4 

attached method, 3-3 to 3-4 
detached method, 3-4 
handling and care of optical tooling instru- 
ments, 3-5 to 3-6 

objective of optical tooling, the, 3-3 
optical tooling terms, 3-5 
accuracy, 3-5 
autocollimation, 3-5 
autocollimator, 3-5 
autoreflection, 3-5 



Optical alignment Continued 
optical tooling Continued 
optical tooling terms Continued 
collinear, 3-5 

optical definition resolution, and 
resolving power, 3-5 
optical reference plane, 3-5 
line of sight, 3-5 
telescope power, 3-5 

Optical calibration publications and records, 
4-1 to 4-14 

calibrated label, 4-12 
calibration not required, 4-13 
calibration void if seal broken label, 4-13 
inactive label, 4-12 to 4-13 
rejected label and tag, 4-13 to 4-14 
calibration publications, 4-6 to 4-7 

Collimators for Optical Instruments, 4-7 
Metrology Automated System for Uniform 
Recall and Reporting (MEASURE) User's 
Manual, 4-7 
Metrology Requirements List (METRL), 

4-6 to 4-7 

forms used within the calibration program, 
4-7 to 4-11 

equipment identification and receipt tag, 
4-9 to 4-10 
format 310, 4-10 
format 802, 4-10 to 4-11 
metrology equipment recall and report 

(METER) card, 4-7 to 4-9 
OPNAV 4790/2K and OPNAV 4790/2L, 
4-10 

Navy calibration program organization, 4-1 
to 4-5 
Fleet Mechanical Calibration Laboratory 

(FMCL), 4-4 

Mechanical Instrument Repair and 
Calibration Shops (MIRCS), 4-4 
Metrology Automated System for Uniform 

Recall and Reporting (MEASURE), 4-5 
Metrology Engineering Center (MEC), 4-3 
to 4-4 

National Institute of Standards and 
Technology (NIST), 4-3 
Navy Calibration Laboratory (NCL), 4-4 
Navy Metrology and Calibration (METCAL) 

Program, the, 4-1 to 4-3 
Test and Monitoring Systems (TAMS), 

4-4 
Type I Navy Standards Laboratory 

(NSL), 4-4 

Type II Navy Standards Laboratory 
(NSL) and Reference Standards Labora- 
tories (RSL) 9 4-4 
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Optical calibration publications and records 
Continued 

terms associated with the calibration program, 
4-5 to 4-6 

accuracy, 4-5 

calibration interval, period, or cycle, 4-5 
metrology, 4-6 
precision, 4-6 
standards, 4-6 
traceabiiity, 4-6 

Overhaul work packages, 5-1 to 5-15 
preoverhaul inspections, 5-5 to 5-6 

advance planning, 5-6 
repairs and alterations, 5-1 to 5-4 
alterations, 5-1 to 5-4 
SHIP ALT authorization letters, 5-4 
terms associated with Navy alterations, 

5-2 to 5-4 
repairs, 5-1 

ship availabilities, 5-4 to 5-5 
complex overhaul, (COH), 5-5 
phased maintenance availability (PMA), 
5-5 

regular overhaul (ROM), 5-4 
restricted availability (RAV), 5-5 
selected restricted availability (SRA), 5-5 
technical availability (TAV), 5-5 
voyage repair (VR), 5-5 
ship configuration and logistics support 
information system (SCLSIS), 5-9 to 5-13 
how SCLSIS works, 5-10 to 5-11 
audits, 5-11 
validation, 5-11 

reporting changes, 5-11 to 5-13 
use of the OPNAV 4790/CK form, 5-13 
training before and during overhaul, 5-6 to 
5-8 

fire watches, 5-7 to 5-8 
inactive equipment maintenance (IBM), 
5-8 

new equipment training, 5-8 
quality assurance (QA) procedures, 5-7 
security during an overhaul, 5-7 
work package, 5-13 
checking the progress of work, 5-14 
inspection duties of shop and division 
personnel, 5-14 to 5-15 
naval shipyard arrival conference, 5-13 to 
5-14 
obtaining additional repair jobs, 5-14 



Periscope components, alignment check of, 

3-24 

Periscope independent fairing, adjusting, 3-23 
Periscope removal, installation, and maintenance, 
6-1 to 6-21 

electrical system, 6-19 to 6-20 
continuity and resistance checks, 6-19 
ESM circuit testing, 6-20 
ground testing, 6-19 to 6-20 
identification of periscopes, 6-1 to 6-5 
Type 18 periscope, 6-3 to 6-5 
subsystems operation, 6-3 
system operation, 6-3 to 6-5 
type numbers, 6-1 to 6-3 
job qualification requirements (JQR), 6-5 to 
6-6 

JQR background and use, 6-5 
qualification, 6-5 to 6-6 
apprentice (worker), 6-6 
group supervisor (journeyman), 6-6 
qualification petty officer/qualification 
supervisor, 6-6 
supervisor, 6-6 

periscope packing, 6-18 to 6-19 
preparation for removing a periscope or 
mast, 6-9 to 6-10 

cleaning of interface surfaces, 6-9 to 6-10 
fiberglass faired masts, 6-9 
periscopes, 6-10 

inspecting the E&E support bars, 6-10 
inspecting the lifting and safety clamps, 
6-10 

inspect the bolts, 6-10 
inspect the clamps, 6-10 
inspect the weight test tags, 6-10 
removal and installation sequences, 6-10 to 
6-18 

Type 18 periscope installation sequence, 
6-14 to 6-18 

electrical and electronic (E&E) adapter, 
6-14 to 6-15 

eyepiece box, 6-16 to 6-18 
mast assembly, 6-18 

Type 18 'periscope removal sequence, 6-12 
to 6-14 

electrical and electronic (E&E) adapter, 
6-13 to 6-14 

eyepiece box removal, 6-13 
mast removal, 6-12 to 6-13 
Type 2 periscope installation sequence, 
6-12 

Type 2 periscope removal sequence, 6-11 
to 6-12 
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Periscope removal, installation, and mainte- 
nanceContinued 

special equipment and definitions, 6-7 to 
6-8 

clamps, 6-7 to 6-8 
backup clamp, 6-8 
lifting clamp, 6-7 to 6-8 
safety clamp, 6-8 

safety clamp interference point, 6-8 
safety straps, 6-8 
shoring, 6-8 

special precautions, 6-8 to 6-9 
clamping precautions, 6-9 
communications, 6-8 
periscope protection, 6-8 
protective electronic and hydraulic 
measures, 6-9 
safety monitors, 6-8 
summary, 6-21 

Phased maintenance availability (PMA), 5-5 
Plane perpendicular to a reference line, 
establishing a, 3-15 to 3-16 
Publications, calibration, 4-6 to 4-7 



Qualification petty officer/qualification super- 
visor, 6-6 

Quality assurance, 2-1 to 2-25 
departure from specifications, 2-12 to 2-14 
a supervisor's link to reporting procedures, 
2-13 

defining a departure from specification, 
2-12 to 2-13 

reporting procedures, 2-13 to 2-14 
types of departures from specifications, 
2-13 

major departure from specifications, 
2-13 

minor departure from specifications, 
2-13 

levels of essentiality, assurance, and con- 
trol, 2-10 to 2-12 
controlled material, 2-11 
levels of assurance, 2-11 
levels of control, 2-11 
levels of essentiality, 2-11 
SUBSAFE, 2-11 to 2-12 
SUBSAFE boundary, 2-12 
SUBSAFE material, 2-12 
SUBSAFE system, 2-12 



Quality assurance Continued 
operation of a quality assurance program, 
2-8 

personnel orientation, 2-8 
repair procedures, 2-8 
QA forms and records, 2-14 to 2-24 
QA Form 1 , Material Receipt Control 
Record, 2-14 

QA Form 2, Material In-Process Control 
Tag, 2-14 to 2-16 

QA Form 3, Material Reject Tag, 2-16 
QA Form 4, Ship-to-Shop Tag, 2-16 
QA Form 7, Controlled Material Inventory/ 
Record, 2-16 to 2-17 

QA Form 9, Re-entry Control Form, 2-18 
QA Form 10, Re-entry Control Forms, 
2-18 to 2-23 

QA Form 17, Test and Inspection Form 
Other than NOT, 2-24 
QA Form 34, Torque/Controlled Assembly 
Report, 2-24 

quality assurance organization, 2-3 to 2-4 
quality assurance program, 2-1 to 2-3 
concepts of quality assurance, 2-2 to 2-3 
goals, 2-3 

program components, 2-1 to 2-2 
QA link to maintenance, 2-3 
quality assurance requirements, training and 
qualification, 2-6 to 2-8 
controlled material petty officers, 2-8 
division officers, 2-7 
quality assurance officer, 2-7 
quality assurance supervisors, 2-7 
repair officer (RO), 2-7 
ship quality control inspectors, 2-7 to 2-8 
quality assurance terms and definitions, 2-8 
to 2-10 

controlled work package, 2-9 to 2-10 
addendums, 2-10 
enclosures, 2-10 
revisions, 2-10 

responsibilities for quality of maintenance, 
2-4 to 2-6 

ship quality control inspector (SQCI), 2-5 
to 2-6 

shop craftsman, 2-6 
work center controlled material petty 

officers (CMPO), 2-6 
Quality assurance (QA) procedures, 5-7 

R 

Reference Standards Laboratories (RSL) and 
Type II Navy Standards Laboratory (NSL), 4-4 
References, AI-1 to AI-4 
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Regular overhaul (ROH), 5-4 
Repair jobs, obtaining additional, 5-14 
Repairs and alterations, 5-1 to 5-4 
Restricted availability (RAV), 5-5 
RO, repair officer, 2-7 



Safety clamp interference point, 6-8 
Safety monitors, 6-8 
Safety straps, 6-8 
Scales, 3-20 to 3-21 

Selected restricted availability (SRA), 5-5 
Ship availabilities, 5-4 to 5-5 
Ship configuration and logistic support infor- 
mation system (SCLSIS), 5-9 to 5-13 
Ship quality control inspectors, 2-7 to 2-8 
SHIP ALT authorization letters, 5-4 
Shop logs, 1-16 to 1-17 

inventory of assigned tools and equipment, 
1-17 

status board, 1-17 

work progress log, 1-16 to 1-17 
Spherical mount, 3-21 

SQCI, ship quality control inspector, 2-5 to 
2-6 

Square, optical, 3-21 

Submarine radar rnast system and components, 
3-24 

Supervising the repair and overhaul of optical 
equipment, 1-13 to 1-16 

repair procedures, 1-15 to 1-16 

safety precautions, 1-13 to 1-15 



Telescopes, operation of, 3-14 to 3-15 
Test and Monitoring Systems (TAMS), 4-4 
Tooling instruments handling and care of optical, 
3-5 to 3-6 

Tooling, optical, 3-1 to 3-6 
Tooling terms, optical, 3-4 to 3-5 
accuracy, 3-5 
autocollimation, 3-5 
autocollimator, 3-5 
autoreflection, 3-5 
collinear, 3-5 
line of sight, 3-5 

optical definition resolution and resolving 
power, 3-5 

optical reference plane, 3-5 
telescope power, 3-5 
Training, 1-1 to 1-8 

familiarizing subordinates with new develop- 
ments, 1-8 

measuring progress, 1-7 
methods of training, 1-5 to 1-7 
monitor training programs, 1-1 to 1-5 
recording progress in training, 1-7 to 1-8 
Training before and during overhaul, 5-6 to 
5-8 

Training, new equipment, 5-8 
Type 2 periscope installation sequence, 6-12 
Type 2 periscope removal sequence, 6-11 to 
6-12 

Type 18 periscope, 6-3 to 6-5 
Type 18 periscope installation sequence, 6-14 
to 6-18 

Type 18 periscope removal sequence, 6-12 to 
6-14 



Target holders, 3-22 

Technical availability (TAV), 5-5 



Vertical plumb line, establishing a, 3-16 
Voyage repair (VR), 5-5 
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